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Committee on the best methods of Science- Teaching in the Public 

Schools. 



John Eaton of Washington, 
B. H. Thdrston of Hoboken, 
Jambs Mac Alistbb of Philadelpliia, 



J. BUBKITT Wbbb of Ithaca, 
C. M. WooDWABD of St. Louis, 
C. £. Bessby of Ames. 



This committee has power to add to its number. 
Committee on the Registration of Deaths, Births, and Marriages. 



E. B. Eixiott of Washington, 
J. B. Killebbbw of Nashviile, 



B. T. Cox of San Francisco, 
John Collbtt of Indianapolis. 



6. Committee on Stellar Magnitudes. 



E. C. PiCKEBiNO of Cambridge, 
Lewis Bobs of Albany, 
S. W. BUBNHAM of Chicago, 
ASAPH Hall of Washington, 
William Habkness of Washington, 



E. S. HOLDEN of Madison, 
Simon Newcomb of Washington, 
C. H. F. Petebs of Clinton, 
Obmond stone of Univ. of Va., 
C. A. YOUNQ of Princeton. 



6. Committee to confer with Committees of Foreign Associations for 

the Advancement of Science with reference to an International 

Convention of Scientific Associations. 

J. W. Powell of Washington, 
B. C. PiCKEBiNQ of Cambridge, 
IBA Rbmsen of Baltimore, 



Simon Newcomb of Washington, 
T. Stebuy Hunt of Montreal, 
G. F. Babkeb of Philadelphia, 



7. 



C. S. MiNOT of Boston. 
Committee on Indexing the Literature of the Chemical Elements. 



H. Cabbinoton Bolton of Hartford, F. W. Clabk of Washington, 

iBA Remsen of Baltimore, | A. R. Leeds of Hoboken, 

A. A. JCJLIEN of New York. 
8. Committee on International Congress of Geologists. 



James Hall of Albany, 
J. W. Dawson of Montreal, 
J. S. Newbbbby of New York, 
T. Stebby Hunt of Montreal, 
C. H. Hitchcock of Hanover, 
Raphael Pumpelly of Newport, 

(xvl) 



J. p. Lesley of Philadelphia, 
J. W. Powell of Washington, 
G. A. Cook of New Brunswick, 
John Stevenson of New York, 
E. D. Cope of Philadelphia, 
E. A. Smith of Tuscaloosa. 
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9. Oommittee to confer with the^ United States Geologist in regard to 
cooperation between the Government and State Geological Surveys. 

0. H. Hitchcock of Hanover, 



James Hall of Albany^ 
T. Sterry Hunt of Montreal, 
J. S. Newberry of New York, 
N. H. WiNCHELL of Minneapolis, 



J. P. Lesley of Philadelphia, 
G. H. Cook of Brunswick, 
E. A. Smith of Tuscaloosa, 



Joseph Le Conte of San Francisco. 
This Committee has power to add to its namber. 

10. Committee on Interchange of Courtesies between the American and 
British Associations for the Advancement of Science. 



T. Sterry Hunt of Montreal, 

E. S. Morse of Salem, 

T. C. Mendenhall of Washington. 



C. A. Young of Princeton, 
J. P. Lesley of Philadelphia, 
J. W. Dawson of Montreal, 

F. W. Putnam of Cambridge. 

11. Committee in relation to Duty on Scientific Books. 

H. A. Rowland of Baltimore, I J. W. Powell of Washington, 

C. A. Young of Princeton, | J, D. Cox of Cincinnati, 

E. S. Morse of Salem. 

12. Committee on Uniformity of Graphic Illustrations in representing 
facts in Statistics, etc. 

E. B. Elliott of Washington, I Charles Warren of Washington, 

J. E. HiLGARD of Washington, | William Kent of Pittsburgh. 

13. Committee on the Investigation of Fermentation and its Effects. 



Alfred Springer of Cincinnati, 
F. W. Clarke of Washington, 



6. M. Sternberg of Washington, 
H. W. Wiley of Washington, 



Clifford Richardson of Washington. 
14. Committee on Anatomical Nomenclature, viith Special reference to 

the Brain. 



Joseph Leidy of Philadelphia, 
Harrison Allen of Philadelphia, 



H. OSBORN of Princeton, 
T. B. Stowell of Cortland, 



B. G. Wilder of Ithaca. 

15. Committee on the Encouragement of Researches upon the Health 

and Disease of Plants. 



J. C. Arthur of Charles City, 

W.J. Beal of Agricultural College, Mich. 

C. E. Bessey of Ames, 



T.J. BURRILL of Champaign, 
W. G. Farlow of Cambridge, 
C. H. Peck of Albany, 



J. T. ROTHROCK of West Chester. 
16. Committee on Physics Teaching. 
T. C. Mendenhall of Washington, I H. S. Carhart of Evanston, 

W. A. Anthony of Ithaca, | F. H. Smith of Charlottesville, 

John Trowbridge of Cambridge. 
17. Committee to present to the Postmaster General the importance of a 
change in the postal laws in relation to the transportation of Botanical speci- 
mens through the mails. 
L. F. Ward of Washington, | George Vassey of Washington, 

J. W. Chickering, Jr., of Washington. 

18. A^lditors. 
Henry Wheatland of Salem, | Thomas Meehan of Germantown. 

A. A. A. S., VOL. XXXIII. B 
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COMMONWEALTH OF MASSACHUSETTS. 



IN THE YEAR ONE THOUSAND EIGHT HUNDRED AND SEVENTY-FOUR. 



AN ACT 

To Incorporate the " American Association for the 
Advancement of Science." 

Be it enacted by the Senate and House of Eepresentativea, in Gfeneral Court 
assembled^ and by the authority of the aamey as follows : 
Section 1. Joseph Henry of Washington, Benjamin Pierce of Cam- 
bridge, James D. Dana of New Haven, James Hall of Albany, Alexis 
Caswell of Providence, Stephen Alexander of Princeton, Isaac Lea of 
Philadelphia, F. A. P. Barnard of New York, John S. Newberry of Cleve- 
land, B. A. Gould of Cambridge, T. Sterry Hunt of Boston, Asa Gray of 
Cambridge, J. Lawrence Smith of Louisville, Joseph Lovering of Cam- 
bridge and John LeConte of Philadelphia, their associates, the officers 
and members of the Association, known as the ** American Association 
for the Advancement of Science," and their successors, are hereby made 
a corporation by the name of the "American Association for the 
Advancement of Science," for the purpose of receiving, purchasing, 
holding and conveying real and personal property, which it now is, or 
hereafter may be, possessed of, with all the powers and privileges, and 
subject to the restrictions, duties and liabilities set forth in the general 
laws which now or hereafter may be in force and applicable to such cor- 
porations. 

Section 2. Said corporation may have and hold by purchase, grant, 
gift or otherwise, real estate not exceeding one hundred thousand 
dollars in value, and personal estate of the value of two hundred and 
fifty thousand dollars. 

Section 3. Any two of the corporators above named are hereby 
authorized to call the first meeting of the said corporation in the month 
of August next ensuing, by notice thereof ** by mail," to each member of 
tlie said Association. 
Section 4. This act shall take effect upon its passage. 

House op Representatives, March 10, 1874. 
Passed to be enacted, 

John E. Sanford, Speaker, 
In Senate, March 17, 1874. 

Passed to be enacted, March 19, 1874. 

Geo. B. Loring, President. Approved, 

W. B. Washburn. 
Skcretary*s Departmknt, 
Boston, April 3, 1874. 

A true copy, Attest: 

David Pulsifer, 
Deputy Secretary of the Commonwealth, 
(xxii) 
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CONSTITUTION 

OF THB 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE. 

Incorporated by Act of theQoneral Court of the Commonwealth of MaBsachusetts. 



Objects. 



Article 1. The objects of the Association are, by periodical and mi- 
gratory meetings, to promote intercourse between those who are culti- 
vating science in different parts of America, to give a stronger and more 
general impulse and more systematic direction to scientific research, and 
to procure for the labors of scientific men increased f^ilities and a wider 
usefulness. 

Members, Fellows, Patrons and Honorary Fellows. 

Art. 2. The Association shall consist of Members, Fellows, Patrons, 
and Honorary Fellows. 

Art. 3. Any person may become a Member of the Association upon 
recommendation in writing by two members or fellows, nomination by 
the Standing Committee, and election by a majority of the members and 
fellows present in General Session. 

Art. 4. Fellows shall be nominated by the Standing Committee from 
such of the members as are professionally engaged In science, or have by 
their labors aided in advancing science. The election of fellows shall be 
by ballot and a majority vote of the members and fellows present in Gen- 
.eral Session. 

Art. 5. Any person paying to the Association the sum of one thousand 
dollars shall be classed as a Patron, and shall be entitled to all the 
privileges of a member and to all its publications. 

Art. 6. Honorary Fellows of the Association, not exceeding three for 
each section, may be elected ; the nominations to be made by the Stand- 
ing Committee and approved by ballot in the respective sections before 
election by ballot in General Session. Honorary Fellows shall be entitled 
to all the privileges of fellows and shall be exempt from all fees and as- 
sessments, and entitled to all publications of the Association issued after 
the date of their election. 

(xxiii) 
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Abt. 7. The name of any member or fellow two years in arrears for 
annual dues shall be erased from the list of the Association, provided that 
two notices of indebtedness, at an interval of at least three months, shall 
have been given ; and no such person shall be restored until be has paid 
his arrearages or has been reelected. The Standing Committee shall 
have power to exclude from the Association any member or fellow, on 
satisfactory evidence that said member or fellow is an improper person 
to be connected with the Association, or has in the estimation of the 
Committee made improper use of his membership or fellowship. 

Art. 8. No member or fellow shall take part in the organization of, or 
hold oiBce in, more than one section at any one meeting. 

Officers. 

Art. 9. The OiBcers of the Association shall be elected by ballot in 
General Session from the fellows, and shall consist of a President, a 
Vice President from each section, a Permanent Secretary, a General Sec- 
retary, an Assistant General Secretary, a Treasurer, and a Secretary of 
each Section ; these, with the exception of the Permanent Secretary, shall 
be elected at each meeting for the following one, and, with the exception 
of the Treasurer and the Permanent Secretary, shall not be regUgible for 
the next two meetings. The term of office of Permanent Secretary shall 
be five years. 

Art. 10. The President, or, in his absence, the senior Vice President 
present, shall preside at all General Sessions of the Association and at all 
meetings of the Standing Committee. It shall also be the duty of the 
President to give an address at a General Session of the Association at the 
meeting following that over which he presided. 

Art. 11. The Vice Presidents shall be the chairmen of their respective 
Sections, and of their Sectional Committees, and it shall be part of their 
duty to give an address, each before h s own section, at such time as the 
Standing Committee shall determine. The Vice Presidents may appoint 
temporary chairmen to preside over the sessions of their sections, but 
shall not delegate their other duties. The Vice Presidents shall have 
seniority in order of their continuous membership in the Association. 

Art. 12. The General Secretary shall be the Secretary of all General 
Sessions of the Association, and shall keep a record of the business of 
these sessions. He shall receive the records from the Secretaries of the 
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CONSTITUTION. XXV 

Sections, which, after examination, he shall transmit with his own records 
to the Permanent Secretary within two weeks after the adjournment of 
the meeting. He shall receive proposals for membership and bring them 
before the Standing Committee. 

Art. 13. The Assistant General Secretary shall be the Secretary of 
the Standing Committee. He shall give to the Secretary of each Section 
the titles of papers assigned to it by the Standing Committee. 

Art. 14. The Permanent Secretary shall be the executive ofllcer of the 
Association under the direction of the Standing Committee. He shall 
attend to all business not specially referred to committees nor otherwise 
constitutionally provided for. He shall keep an account of all business 
that he has transacted for the Association, and make annually a general 
report for publication in the annual volume of Proceedings. He shall 
attend to the printing and distribution of the annual volume of Pro- 
ceedings, and all other printing ordered by the Association. He shall 
issue a circular of information to members and fellows at least three 
months before each meeting, and shall, in connection with the Local 
Committee, make all necessary arrangements for the meetings of the 
Association. He shall provide the Secretaries of the Association with 
such books and stationery as may be required for their records and busi- 
ness, and shall provide members and fellows with such blank forms as 
may be required for facilitating the business of the Association. He shall 
collect all assessments and admission fees, and notify members and fellows 
of their election, and of any arrearages. He shall receive, and bring 
before the Standing Committee, the titles and abstracts of papers pro- 
posed to be read before the Association. He shall keep an account of all 
receipts and expenditures of the Association, and report the same annually 
at the first meeting of the Standing Committee, and shall pay over to the 
Treasurer such unexpended fUnds as the Standing Committee may direct. 
He shall receive and hold in trust for the Association all books, pamphlets 
and manuscripts belonging .to the Association, and allow the use of the 
same under the provisions of the Constitution and the orders of the 
Standing Committee. He shall receive all communications addressed to 
the Association during the interval between meetings, and properly attend 
to the same. He shall at each meeting report the names of fellows and 
members who have died since the preceding meeting. He shall be allowed 
a salary which shall be determined by the Standing Committee, and may 
employ one or more clerks at such compensation as may be agreed upon 
by the Standing Committee. 
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XX Vi CONSTITUTION. 

Abt. 15. The Treasurer shall invest the funds received by him In such 
securities as may be directed by the Standing Committee. He shall 
annually present to the Standing Committee an account of the funds in 
his charge. No expenditure of the principal in the hands of the Treas- 
urer shall be made without a unanimous vote of the Standing Committee, 
and no expenditure of the income received by the Treasurer shall be 
made without a two-thirds vote of the Standing Committee. 

Art. 16. The Secretaries of the Sections shall keep the records of their 
respective sections, and, at the close of the meeting, give the same, 
including the records of subsections, to the General Secretary. They 
shall also be the Secretaries of the Sectional Committees. The Secre- 
taries shall have seniority in order of their continuous membership in the 
Association. 

Art. 17. In case of a vacancy in the ofllce of the President, one of the 
Vice Presidents shall be elected by the Standing Committee as the Presi- 
dent of the meeting. Vacancies in the offices of Vice President, Perma- 
nent Secretary, General Secretary, Assistant General Secretary, and Treas- 
urer, shall be fllled by nomination of the Standing Committee and election 
by ballot in General Session. A vacancy in the office of Secretary of a 
Section shall be filled by nomination and election by ballot in the Section. 

Art. 18. The Standing Committee shall consist of the past Presidents, 
and the Vice Presidents of the last meeting, together with the President, 
the Vice Presidents, the Permanent Secretary, the General Secretary, the 
Assistant General Secretary, the Secretaries of the Sections, and the 
Treasurer of the current meeting, with the addition of one fellow elected 
from each Section by ballot on the first day of its meeting. The members 
present at any regularly called meeting of the Committee, provided there 
are at least five, shall form a quorum for the transaction of business. The 
Standing Committee shall meet on the day preceding each annual meeting 
of the Association, and arrange the programme for the first day of the 
sessions. The time and place of this first meeting shall be designated by 
the Permanent Secretary. Unless otherwise agreed upon, regular meet- 
iugs of the Committee shall be held in the committee room at 9 o'clock, 
A. M., on each day of the meeting of the Association. Special meetings 
of the Committee may be called at any time by the President. The 
Standing Committee shall be the board of supervision of the Association, 
and no business shall be transacted by the Association that has not first 
been referred to, or originated with, the Committee. The Committee 
shall receive and assign papers to the respective sections ; examine and, 
if necessary, exclude papers; decide which papers, discussions and other 
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proceedings shall be published, and have the general direction of the 
publications of the Association ; manage the financial affairs of the Asso- 
ciation; arrange the business and programmes for General Sessions; 
suggest subjects for discussion, investigation or reports ; nominate mem- 
bers and fellows ; and receive and act upon all invitations extended to the 
Association and report the same at a General Session of the Association. 
Art. 19. The Nominating Committee shall consist of the Standing 
Committee, and one member or fellow elected by each of the Sec- 
tions. It shall be the duty of this Committee to meet at the call of 
the President and nominate the general officers for the following meeting 
of the Association. It shall also be the duty of this Committee to rec- 
ommend the time and place for the next meeting. The Vice President 
and Secretary of each Section shall be recommended to the Nominating 
Committee by a sub-committee consisting of the Vice President, Sec- 
retary, and three members or fellows elected by the Section. 

Meetings. 

Akt. 20. The Association shall hold a public meeting annually, for one 
week or longer, at such time and place as may be determined by vote of the 
Association, and the preliminary arrangements for each meeting shall be 
made by the Local Committee, in conjunction with the Permanent Secre- 
tary and such other persons as the Standing Committee may designate. 

Art. 21. General Sessions shall be held at 10 o'clock, a. m., unless 
otherwise ordered, on every day of the meeting, Sunday excepted, and 
at such other times as may be appointed by the Standing Committee. 

Sections and Subsections. 

Art. 22. The Association shall be divided into nine Sections, namely :— 
A, Matliematics and Astronomy; B, Physics; C, Chemistry, including its 
application to agriculture and the arts ; D, Mechanical Science ; E, Geology 
and Geography; ¥, Biology; G, Histology and Microscopy; H, Anthro- 
pology; I, Economic Science and Statistics, The Standing Committee 
shall have power to consolidate any two or more Sections temporarily, and 
such consolidated Sections shall be presided over by the senior Vice 
President and Secretary of the Sections comprising It. 

Art. 23. Immediately on the organization of a Section there shall be 
three fellows elected by ballot after open nomination, who, with the Vice 
President and Secretary, shall form its Sectional Committee. The Sec- 
tional Committees shall have power to fill vacancies in their own numbers. 
Meetings of the Sections shall not be held at the same time with a General 
Session. 
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Abt. 24. The Sectional Committee of any Section may at its pleasure 
form one or more temporary Subsections, and may designate the officers 
thereof. The Secretary of a Subsection shall, at the close of the meeting, 
transmit his records to the Secretary of the Section. 

Abt. 25. A paper shall not be read in any Section nor Sabsection until 
it has been received from the Standing Committee and placed on the 
programme of the day by the Sectional Committee. 

Sectional Committubs. 

Art. 26. The Sectional Committees shall arrange and direct the busi- 
ness of their respective Sections. They shall prepare the daily pro- 
grammes and give them to the Permanent Secretary for printing at the 
earliest moment practicable. No titles of papers shall be entered on the 
daily programmes except such as have passed the Standing Committee. 
No change shall be made in the programme for the day in a Section with- 
out the consent of the Sectional Committee. The Sectional Committees 
may refuse to place the title of any paper on the programme ; but every 
such title, with the abstract of the paper or the paper itself, must be re- 
turned to the Standing Committee with the reasons why it was refused. 

Art. 27. The Sectional Committees shall examine all papers and ab- 
stracts referred to the sections, and they shall not place on the pro- 
gramme any paper inconsistent with the character of the Association; 
and to this end they have power to call for any paper, the character of 
which may not be sufficiently understood ftom the abstract submitted. 

Papers and Communications. 

Art. 28. All members and fellows must forward to the Permanent 
Secretary, as early as possible, and when practicable before the conven- 
ing of the Association, full titles of all the papers which they propose to 
present during the meeting, with a statement of the time that each will 
occupy in delivery, and also such abstracts of their contents as will give 
a general idea of their nature; and no title shall be referred by the 
Standing Committee to the Sectional Committee until an abstract of the 
paper or the paper itself has been received. 

Art. 29. If the author of any paper be not ready at the time assigned, 
the title may be dropped to the bottom of the list. 

Art. 30. Whenever practicable, the proceedings and discussions at 
General Sessions, Sections and Subsections shall be reported by profes- 
sional reporters, but such reports shall not appear in print as the official 
reports of the Association unless revised by the Secretaries. 
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CONSTITUTION. Xxix 

Printed Procebdinos. 
Art. 31. The Permanent Secretary shall have the Proceedings of each 
meeting printed in an octavo volame as soon after the meeting as possible, 
beginning one month after adjoarnment. Authors must prepare their 
papers or abstracts ready for the press and forward them to the Perma- 
nent Secretary within this interval, otherwise only the abstracts or titles 
taken from the ** title blanks" will appear in the printed volume. The 
Standing Committee shall have power to order the printing of any paper 
by abstract or title only. Whenever practicable, proofs shall be for- 
warded to authors for revision. If any additions or substantial altera- 
tions are made by the author of a paper after its submission to the Secre- 
tary, the same shall be distinctly indicated. Illustrations must be pro- 
vided for by the authors of the papers, or by a special appropriation ftom the 
Standing Committee. Immediately on publication of the volume, a copy 
shall be forwarded to every member and fellow of the Association who shall 
have paid the assessment for the meeting to which it relates, and it shall 
also be offered for sale by the Permanent Secretary at such price as may 
be determined by the Standing Committee. The Standing Committee shall 
also designate the institutions to which copies shall be distributed. 

Local Committee. 

Art. 32. The Local Committee shall consist of persons interested in 
the objects of the Association and residing at or near the place of the 
proposed meeting. It is expected that the Local Committee, assisted by 
the officers of the Association, will make all essential arrangements for 
the meeting, and issue a circular giving necessary particulars, at least 
one month before the meeting. 

Library op the Association. 

Art. 33. All books and pamphlets received by the Association shall be 
in the charge of the Permanent Secretary, who shall have a list of the 
same printed and shall fUrnish a copy to any member or fellow on appli- 
cation. Members and fellows who have paid their assessments in full 
shall be allowed to call for books and pamphlets, which shall be delivered 
to them at their expense, on their giving a receipt agreeing to make 
good any loss or damage and to return the same free of expense to the 
Secretary at the time specified in the receipt given. All books and pam- 
phlets in circulation must be returned at each meeting. Not more than 
five books, including volumes, parts of volumes, and pamphlets, shall be 
held at one time by any member or fellow. Any book may be withheld 
from circulation by order of the Standing Committee. 
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XXX CONSTITUTION. 

Admission Feb and Assessments. 

Art. 84. The admission fee for members shall be five dollars in addi- 
tion to the annual assessment. On the election of any member as a 
fellow an additional fee of two dollars shall be paid. 

Art. 35. The annual assessment for members and fellows shall be 
three dollars. 

Art. 36. Any member or fellow who shall pay the sam of fifty dollars 
to the Association, at any one time, shall become a Life Member and 
as such shall be exempt from all further assessments, and shall be entitled 
to the Proceedings of the Association. All money thus received shall 
be invested as a permanent fund, the income of which shall be used 
only to assist in original research, unless otherwise directed by unani- 
mous vote of the Standing Committee. 

Art. 37. All admission fees and assessments must be paid to the Per- 
manent Secretary, who shall give proper receipts for the same. 

Accounts. 
Art. 38. The accounts of the Permanent Secretary and of the Treas- 
i'.rer shall be audited annually, by Auditors appointed by the Standing 
Committee. 

Alterations of the Constitution. 
Art. 39. No part of this Constitution shall be amended or annulled, 
without the concurrence of three-fourths of the members and fellows 
present in General Session, after notice given at a General Session of a 
preceding meeting of the Association. 



ORDER OF PROCEEDINGS IN ORGANIZING A MEETING. 

1. The retiring President introduces the President elect, who takes the chair. 

2. Foimalities of welcome of the Association as may be arranged by the Local 
Committee. 

8. Report of the list of papers entered and their reference to the Sections. 

4. Other reports. 

6. Announcements of arrangements by the Local Committee. 

6. Election of members. 

7. Election of fellows. 

8. Unenumerated business. 

9. Adjournment to meet in Sections. 

This order, so far as applicable, to be followed in subsequent General Sessions. 
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MEMBERS 

OF THE 

AMERICAN ASSOCIATION, 

FOR THE 

ADVANCEMENT OF SCIENCES 



PATRON.' 



Thompson, Mrs. Elizabeth, Stamford, Conn. (22). 
Lilly, Gkn. Wiluam, Mnuch Chunk, Carbon Co., Pa. (28). 
IIerrman, Mrs. Esther, 59 West 66th St., New York, N. Y. (2D). 

MEMBERS. ' 

Aaron, Eugene M., P. O. Box 916, Philadelphia, Pa. (33). 

Abbot, Griffith Evans, M.D., Falls of Schuylkill, Philadelphia, Pa. (33). 

Abbott, Helen C. DeS., 1609 Locust St., Philadelphia, Pa. (33). 

Abert, Col. James W., Newport, Ky. (31). 

Abert, S. Thayer, 1907 Pennsylvania Avenue, Washington, D. C. (30). 

Adams, Frank, 41 McGill College Avenue, Montreal, Can. (29). 

Adams, John S., M. D., Oakland, Cal. (29). 

Adams, Capt. Robert C, Montreal, Can. (31). 

Agard, Dr. A. H., 1269 Alice St., Oakland, Alameda Co., Cal. (28). 

Agnew, Dr. Cornelius R., 266 Madison Ave., New York, N. Y. (32). 

^The numbers in parentheses indicate the meeting at which the member was elected. 
The Constitution requiras that the names of all members two or more years in arrears 
shall be omitted ft-om the list, but their names will be restored on payment of ar« 
rearages. Members not in an'ears are entitled to the annual volume of Proceedings 
bound in paper. The payment of ten dollars at one time entitles a member to the subse- 
quent volumes bound in cloth, or by the payment of twenty dollars^ to the volumes bound 
in ha^ morocco, 

apersonscontributingonethousanddollarsor more to the Association are classed 
as Patrons, and are entitled to the piivileges of members and to the publications. 

The names of Patrons are to remain permanently on the list. 

•Any Member or Fellow may become a Life Member by the payment of fifty dollars. 
The money derived from Life Membersliips is invested as a fund, the income of which 
is to be used only to aid in original research. Life Members are exempt A*om the 
annual assessment, and are entitled to tlie annual volume. The names of Life Mem* 
bers are printed in small capitals in the regular list of Members and Fellows. 
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Aher, Mrs. Mary R. Ailing, care Rev. H. Ailing, South Cairo, Greene Co., 

N. Y. (29). 
Ainslie, Charles N., Rochester, Minn. (32). 
Alden, Prof. Geo. I., Worcester, Mass. (38). 
Alexander, Miss Jane, Jamaica Plain, Mass. (33). 

Allderdlce, Wm. H., U. S. Navy, care Navy Dep't, Washington, D. C. (38). 
Allen, Edmund T., 404 Market St., St. Louis, Mo. (27). 
Allen, J. M., Hartford, Conn. (22). 
Allen, Jno. R., Linwood, Del. Co., Pa. (33). 
Ailing, J. C, Hasbrouck Institute, 109 Grand St., Jersey City, N. J. 

(31). 
Allison, Henry, Fort Worth, Texas (32). 
Alvord, Benj., Lieut. U. S. A., Fort Hays, Kan. (33). 
Anderson, Newton M., Columbus, Ohio (30). 
Andrews, L. W., Ph. D., Springfield, Mass. ('31). 
Ansley, Clark F., Swedona, Mercer Co., 111. (32). 
Antisell, Thomas, M.D., 1311 Q St., Washington, D. C. (33). 
Appleton, Rev. Edw. W., D.D., Ashbourne P. O., Montgomery Co., 

Pa. (28). 
Apthorp, Henry, Ashtabula, Ohio (32). 
Archambault, U. E., P. O. Box 1944, Montreal, Can. (31). 
Armstrong, Lucius H., St. Nicholas, Duval Co., Fla. (30). 
Armstrong, Mrs. Lucius H., St. Nicholas, Duval Co., Fla. (30). 
Arnold, Lauren B., Rochester, N. Y. (30). 
Atkinson, Jno. B., Earlington, Hopkins Co., Ky. (26). 
Atwater, Richard M., Millville, N. J. (29). 
Atwood, E. S., East Orange, N. J. (29). 
Atwood, Oscar, Rutland, Vt. (31). 

Auchincloss, Wm. S., 209 Church St., Philadelphia, Pa. (29). 
Aughey, Prof. Samuel, Univ. of Nebraska, Lincoln, Neb. (29). 
Austin, Miss Mary, Mattapan Station, Milton, Mass. (31). 
Avila, A. F. de, Ithaca, N. Y. (33). 

Ayres, Prof. Brown, Tulane University, New Orleans, La. (31). 
^Ayres, Dr. S. C, 64 W. 7th St., Cincinnati, Ohio (30). 



Babbit, John, Fredericton, N. B. (29). [(32). 

Babbitt, Miss Franc E., P. O. Box 75, Little Falls, Morrison Co., Minn. 
Babcock, Geo. H., 30 Cortlandt St., New York, N. Y. (33). 
Babcock, S. Moulton, N. Y. Agric. Experiment Station, Geneva, N. Y. 

(33). 
Bailey, E. H. S., Lawrence, Douglas Co., Kan. (25). 
Baker, Frank, M. D., 320 C St., N. W., Washington, D. C. (31). 
Baker, Prof. I. O., Illinois Industrial Univ., Champaign, 111. (30). 
Baker, Richard D., 1414 Arcli St., Philadelphia, Pa. (33). 
Baker, Prof. T. R., Millersville, Lancaster Co., Pa. (22). 
Balderston, C. Canby, Westtown, Chester Co., Pa. (33). 
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Baldwin, Miss Mary A., Summer Ave., Cor. Kearney St., Newark, K. J. 

(31). 
Baldwin, Veiy Rev. Dean Maurice S., Montreal, Can. (31). 
Balen, Abraham D., Plalnaeld, N. J. (31). 
Ballard, Harlan H., Lenox, Mass. (31). 

Banes, Charles H., 2416 Spring Garden St., Philadelphia, Fa. (31). 
Baptie, George, Normal School, Ottawa, Ontario, Can. (29). 
Bardeen, Francis L., M. D., Washington College, Chestertown, Md. (82). 
Barge, B. F., Mauch Chunk, Pa. (33). 
Barker, Mrs. Martha M., care of H. B. Barker, 8 and 10 Central St., 

Lowell, Mass. (31). 
Barnes, Charles J. (27). 

Barnes, Prof. Chas. B., 297 Columbia St., Lafayette, Ind. (33). 
Bams, Carl, Ph.D., National Museum, Washington, D. C. (33). 
Bartlett, Dr. Homer L., Flatbush, L. I. (28). 
Bartley, Ellas H., M.D., 401 Pacific St., Brooklyn, N. Y. (33). 
Bassett, Daniel A., Crawfordsvllle, Ind. (29). 
Bassnbtt, Thomas, Box 936, Jacksonville, Fla. (8). 
Bassnett, Mrs. Thomas, Box 936, Jacksonville, Fla. (24). 
Bastlan, Dr. David I., Clinton, Worcester Co., Mass. (25). 
Bastin, Prof. E. S., Highland Park, Chicago, III. (29). 
Batchelor, Charles, Electrician, Menlo Park, N. J. (28). 
Bates, Henry Hobart, M.A., U. S. Patent Office, Washington, D. C. (83). 
Batterson, J. G., Hartford, Conn. (23). 

Battle, Herbert B., N. C. Agrlc. Experiment Station, Balelgh, N. C. (33). 
Baylor, James B., U. S. C. and G. Survey Office, Washington, D. C. (33). 
Bayne, Prof. Herbert A., Ph.D., Royal Military College, Kingston, Ont. 

(29). 
Beach, Charles M., Merchant, Hartford, Conn. (23). 
Beach, J. Watson, Merchant, Hartford, Conn. (23). 
Beach, William H., Belolt, Wis. (21). 
Beadle, Delos W., St. Catharines, Ontario, Can. (31). 
Beall, Thomas, Lindsay, Ontario, Can. (31). 
Bean, Thos. E., Box 441, Galena, III. (28). 

Beard, Richard 0., M. D., 1221 Nicollet Ave., Minneapolis, Minn. (32). 
Beardsley, Prof. Arthur, Swarthmore College, Swarthmore, Del. Co., Pa. 

(33). 
Beatty, Prof. James, Jr., 92 Dugan's Wharf, Baltimore, Md. (33). 
Beaudry, J. Alphonse U., 97 St. James St., Montreal, Can. (31). 
Beauregard, Gen. GustaveT., 359 St. Charles Ave., New Orleans, La. (80). 
Bechdolt, Adolphus F., Mankato, Minn. (32). 
Beckwith, Henry C, Passed Ass*t Eng'r U. S. N., Coleman's Station, N. Y. 

(29). 
Belknap, Chas., Lieut. U. S. N., U. S. S. Vandalla, care Navy Dept., 

Washington, D. C. (29). 
Belknap, Morris B., Louisville, Ky. (29). 
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1880. 
RiLBY, Prof. C. V., U. S. Entomologist, 1700 13th St. N. W., Washington, 

D. C. (17). 1874. 
Ritchie, E. S., 87 Franklin St., Boston, Mass. (10). 1877. 
Robinson, Prof. S. W., Univ. of Ohio, Columbus, Ohio (30). 1883. 
Rockwell, Gen. Alfred P., Office Great Falls Manufacturing Co., Boston, 

Mass. (10). 1882. 
Rockwell, Chas. H., Box 293, Tarry town, N. Y. (28). 1883. 
Rock wood, Prof. Charles G., jr.. College of New Jersey, Princeton, N. J. 

(20). 1874. 
Rogers, Falrman, 202 West Rlttenhouse Square, Philadelphia, Pa. (11). 

1874. 
Rogers, W. A., Ass't Prof. Harvard College Observ., Cambridge, Mass. 

(15). 1875. 
Romlnger, Dr. Carl, Ann Arbor, Mich. (21). 1879. 
Rood, Prof. 0. N., Columbia College, New York, N. Y. (14). 1875. 
Roosevelt, Clinton, 11 Wall St., New York, N. Y. (11). 1874. 
Rosenspltz, Dr. Alexander, Rabbi, Lock Box 430, Portland, Oregon (26). 

1888. 
Ross, Waldo O., 189 Devonshire St., Boston, Mass. (29). 1882. 
Rowland, Prof. Henry A., Baltimore, Md. (29). 1880. 
Runkle, Prof. J. D., Mass. Inst, of Tech., Boston, Mass. (2). 1876. 
Russell, I. C, U. S. Geological Survey, Washington, D. C. (26). 1882. 
Rutherford, Lewis M., 176 Second Ave., New York, N. Y. (13). 1876. 

Sadtler, Prof. Saml. P., Univ. of Pa., Philadelphia, Pa. (22). 1875. 

Safford, Dr. James M., Nashville, Tenn. (6). 1876. 

Sampson, Com'd W. T., U.S.N., Torpedo Station, Newport, R. I. (25). 

1881. 
Saunders, William, London, Ontario, Canada (17). 1874. 
Schanck, Prof. J. Stillwell, Princeton, New Jersey (4). 1882. 
Schott, Charles A., U. S. Coast and Geodetic Survey Office, Washington, 

D. C. (8). 1874. 
Schweitzer, Prof. Paul, State Univ. of Mo., Columbia, Mo. (24). 1877. 
ScuDDKR, Samuel H., Cambridge, Mass. (13). 1874. 
Seaman, W. H., Microscoplst, 1424 11th St. N. W., Washington, D. C. 

(28). 1874. 
Seiler, Carl, M. D., Philadelphia, Pa. (29). 1882. 
SestinI, Rev. B., Woodstock, Md. (29). 1882. 
Sharpies, Stephen P., 13 Broad St., Boston, Mass. (29). 1884. 
Sheafer, P. W., Pottsville, Pa. (4). 1879. 
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Bias, Solomon, M. D., Schoharie, Schoharie Co., N. T. (10). 1874. 

Sill, Hon. Elisha N., Cuyahoga Falls, Ohio (6). 1874. 

SUUman, Prof. Justus M., Lafayette College, Easton, Pa. (19). 1874. 

Skinner, Joseph J., Ithaca, N, Y. (28). 1880. 

Smiley, Charles W., 1443 Mass. Ave., Washington, D. C. (28). 1883. 

Smith, Prof. Eug. A., Unirerslty of Alabama, Tuscaloosa, Ala. (20). 1877. 

Smith, Edwin, Ass't U. S. Coast and Geodetic Survey, Washington, D. C. 

(30). 1882. 
Smith, Mrs. Erminnle A., 203 Pacific Ave., Jersey City, N. J. (25). 1880. 
Smith, Prof. Francis H., Univ. of Virginia, Charlottesville, Va. (26). 

1880. 
Smith, Quintius C, M. D., No. 704 Congress Ave., Austin, Texas (26). 

1881. 
Smith, Prof. S. I., Yale College, New Haven, Conn. (18). 1876. 
Smock, Prof. John Conover, New York State Museum, Albany, N. Y. (23). 

1879. 
Snow, Prof. F. H., Lawrence, Kan. (29). 1881. 
Snyder, Prof. Monroe B., High School Observatory, Philadelphia, Pa. (24). 

1882. 
Spencer, Prof. J. William, Univ. of Missouri, Columbia, Mo. (28). 1882. 
Spencer, John W., Geol., Paxton, Sullivan Co., Ind. (20). 1874. 
Springer, Dr. Alfred, Box 679, Cincinnati, Ohio (24). 1880. 
Stallo, J. B., Masonic Temple, Cincinnati, Ohio (30). 1882. 
Stanard, Benjamin A., Cleveland, Ohio (6). 1874. 

Stearns, R. E. C, care Smithsonian Inst., Washington, D. C. (18). 1874. 
Stelner, Dr. Lewis H., Enoch Pratt Free Library, Baltimore, Md. (7). 

1874. 
Stephens, W. Hudson, Lowville, N. Y. (18). 1874. 
Sternberg, George M., Surgeon U. S. A., Johns Hopkins Univ., Baltimore, 

Md. (24). 1880. 
Stevens, W. LeConte, 170 Joralemon St., Brooklyn, N. Y. (29). 1882. 
Stockwell, John N., 1008 Case Avenue, Cleveland, Ohio (18). 1876. 
Stone, George H., Colorado Springs, Col. (29). 1882. 
Stone, Mrs. Leander, 3362 Indiana Avenue, Chicago, 111. (22). 1874. 
Stone, Ormond, Director Leander McCormlck Observatory, Univ. of Va., 

Va. (24). 1876. 
Storrs, Henry E., Jacksonville, 111. (20). 1874. 
Story, Wm. E., Johns Hopkins Univ., Baltimore, Md. (29). 1881. 
Stuart, Prof. A. P. S., Lincoln, Nebraska (21). 1874. 
Sturtevant, E. Lewis, M. D., Geneva, N. Y. (29). 1882. 
Sutton, Dr. George, Aurora, Dearborn Co., Ind. (20). 1881. 
Swift, Lewis, Ph. D., Rochester, N. Y. (29). 1882. 

Tainter, Sumner, 1221 Connecticut Ave., Washington, D. C. (29). 1881. 
Tappan, Prof. Ell T., Kenyon College, Gambler, Ohio (20). 1874. 
Taylor, Wm. B., Smithsonian Institution, Washington, D. C. (29). 1881. 
Terry, Prof. N. M., U. S. Naval Academy, Annapolis, Md. (23). 1874. 



Digitized by 



Google 



IXXX TELL0W8. 

Thomas, Benj. F., Ph. D., Univ. State of Missoari, Colambia, Mo. (29). 

1882. 
Thomas, Prof. Cyrus, CarboDdale, 111. (80). 1882. 
Thurston, Prof. R. H., Stevens Institute, Hoboken, N. J. (28). 1875. 
Todd, Prof. David P., Director Lawrence Observatory, Amherst College, 

Amherst, Mass. (27). 1881. 
Townshend, Prof. N. S., Ohio State Univ., Columbus, Ohio (17). 1881. 
Tracy, Sam'l M., Columbia, Boone Co., Mo. (27). 1881. 
Trembley, J. B., M. D., 952 8th St., Oakland, Alameda Co., Cal. (17). 

1880. 
Trowbridge, Prof. John, Harvard University, Cambridge, Mass. (25). 

1876. 
Trowbridge, Prof. W. P., New Haven, Conn. (10). 1874. 
True, Fred W., U. S. National Museum, Washington, D. C. (28). 1882. 
Trumbull, Dr. J. Hammond, Hartford, Conn. (29). 1882. 
Tuttle, Prof. Albert H., Columbus, Ohio (17). 1874. 

Uhler, Philip R., 218 W. Hoffman St., Baltimore, Md. (19). 1874. 

Upham, Warren, Nashua, N. H. (25). 1880. 

Upton, Winslow, Brown Univ., Providence, R. I. (29). 1888. 

Van der Weyde, P. H., M.D., Box 8619, New York, N. Y. (17). 1874. 
Van Dyck, Prof. Francis Cuyler, New Brunswick, N. J. (28). 1882. 
Van Vleck, Prof. John M., Middletown, Conn. (23). 1875. 
Verrlll, Prof. A. E., Yale College, New Haven, Conn. (16). - 1876. 
Vose, Prof. George L., Mass. Inst. Technology, Boston, Mass. (15). 1875. 

Wachsmuth, Charles, Burlington, Iowa (80). 1884. 

Wadsworth, M. Edward, Ph. D., Assistant In Llthology, Museum of Com- 
parative Zoology, Cambridge, Mass. (23). 1874. 

Walcott, Charles D., Natl. Museum, Washington, D. C. (25). 1882. 

Waldo, Leonard, S. D., New Haven, Conn. (28). 1880. 

Walker, J. R., D. D. S., Bay Saint Louis, Hancock Co., Miss. (19). 1874. 

Wallace, Wm., Ansonla, Conn. (28). 1882. 

Waller, E., School of Mines, Columbia College, New York, N. Y. (23). 
1874. 

Walling, H. F., Cambridge, Mass. (16). 1874. 

Walmsley, W. H., 1016 Chestnut St., Philadelphia, Pa. (28). 1883. 

Ward, Prof. Henry A,, Rochester, N. Y. (13). 1875. 

Ward, Lester F., U. S. Geological Survey, Washington, D. C. (26). 
1879. 

Ward, Dr. R. H., 53 Fourth St., Troy, N. Y. (17). 1874. 

Warder, Prof. Robert B., Lafayette, Ind. (19). 1881. 

Warner, Jambs D., 199 Baltic St., Brooklyn, N. Y. (18). 1874. 

Warren, Cyrus M., Brookllne, Mass. (29). 1882. 

Warren, Prof. S. Edward, Newton, Mass. (17). 1875. 

Watson, Sereno, Botanic Gardens, Cambridge, Mass. (22). 1875. 
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Watson, Prop. Wm. 107 Marlborough St., Boston, Mass. (12). 1884. 
Wead, Prof. Charles K., Univ. of Mich., Ann Arbor, Mich. (23). 1880. 
' Webb, Prof. J. Burltitt, Cornell University, Ithaca, N. Y. (31). 1883. 
Webster, Prof. H. E., Union College, Schenectady, N. Y. (28). 1882. 
Webster, Prof. N. B., Principal Webster Inst., Norfolk, Va. (7). 1874. 
Wells, Daniel H., Hartford, Conn. (18). 1876. 
Westcott, O. S., Maywood, Cook Co.. 111. (21). 1874. 
Wheatland, Dr. Henry, President Essex Inst., Salem, Mass. (1). 1874. 
Wheeler, Prof. C. Gilbert, 81 Clark St., Chicago, 111. (18). 1888. 
Wheeler, Capt. Geo. M., U. S. E., Lock Box 93, Washington, D. C. (26). 

1879. 
Wheeler, Orlando B., Ass't U.S. Lake Sarvey, Detroit, Mich. (24). 1882. 
Wheildon, W. W., Box 229, Concord, Mass. (13). 1874. 
White, Prof. C. A., Le Droit Park, Washington, D. C. (17). 1876. 
White, Prof. I. C, Univ. of W. Va., Morgantown, W. Va. (26). 1882. 
Whitfield, R. P., American Museum Natural History, 77th St. & 8th Ave- 
nue, New York, N. Y. (18). 1874. 
Whiting, Miss Sarah P., Wellesley College, Wellesley, Mass. (31). 1883. 
Whitney, Solon P., Watertown, Mass. (20). 1874. 
Whittlesey, Col. Charles, 1806 Euclid Ave., Cleveland, Ohio (1). 1876. 

Wilber, G. M., Pine Plains, N. Y. (19). 1874. 

Wilbur, A. B., Port Jervis, Orange Co., N. Y. (28). 1874. 

Wilder, Prof. Burt G., Cornell University, Ithaca, N. Y. (22). 1876. 

Wiley, Prof. Harvey W., Dept. of Agrlc, Washington, D. C. (21). 1874. 

Williams, Charles H., M. D., lE^Arllngton St., Boston, Mass. (22). 1874. 

Williams, Henry Shaler, Cornell Univ., Ithaca, N. Y. (18). 1882. 

Williams, Prof. Henry W. , 16 Arlington St. , Boston, Mass. (11). 1874. 

Wilson, Prof. Daniel, President University College, 117 Bloor St., 
Toronto, Canada (26). 1876. 

Winchell, Prof. Alex., Ann Arbor, Mich. (3). 1876. 

Winchell, Prof. N. H.,Unlv. of Minnesota, Minneapolis, Minn. (19). 1874. 

Woerd, Chas. V., Am. Watch Co., Waltham, Mass. (29). 1881. 

Wood, Prof. De Volson, Hoboken, N. J. (29). 1881. 

Woodbury, C. J. H., 31 Milk St., Boston, Mass. (29). 1884. 

Woodward, Prof. Calvin M., 1761 Missouri Ave., St. Louis, Mo. (82). 
1884. 

Wormley, T. G., Univ. of Pennsylvania, Philadelphia, Pa. (20). 1878. 

Worthen, A. H., Springfield, 111. (6). 1874. 

Wright, Prof. Albert A., Oberlin College, Oberlin, Ohio (24). 1880. 

Wright, Prof. Arthur W., Yale College, New Haven, Conn. (14). 1874. 

Wright, Rev. Geo. F., Oberlin College, Oberlin, Ohio (29). 1882. 

Wurtele, Rev. Louis C, Acton Vale, Province of Quebec, Can. (11). 1876. 

Wyckoff, Wm. C, 44 Howard St., New York (20). 1874. 

Wylie, Prof. Theoph. A., Indiana Univ., Bloomlngton, Ind. (20). 1874. 

Youmans, Prof. Edward L., New York, N. Y. (6). 1874. 
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YoQDg, C. A., Prof, of Astronomy, College of New Jersey, Princeton, 
New Jersey (18). 1874. 

Zentmayer, Joseph, 147 So. Fourth St., Philadelphia, Pa. (99). 1882. 
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DECEASED MEMBERS. 



[Information respecting omissions in this list, and the date of birth and of decease 
of any of the former members, is requested by the Permanent Secretary.] 

Abbe, George W., New York, N. Y. (23). Died Sept. 26, 1879. 

Abert, J. J., Washington, D. C. (1). Born in 1785. Died Jannary 27, 

1868. 
'^dains, C. B., Amherst, Mass. (I). Born January 11, 1814. Died Jan'y 

19, 1853. 
Adams, Edwin F., Charlestown, Mass. (18). 
Adams, Samuel, Jacksonville, 111. (18). Bom Dec. 19, 1806. Died April 

29, 1877. 
Agassiz, Louis, Cambridge, Mass. (1). Bom May 28, 1807. Died Dec. 

14, 1873. 
Ains worth, J. G., Barry, Mass. (14). 
Alexander, Stephen, Princeton, N. J. (1). Born Sept. 1, 1806. Died June 

25, 1883. 
Allen, Thomas, St. Louis, Mo. (27). Died April 8, 1882. 
Allen, Zachariah, Providence, R. I. (1). Died March 17, 1882. 
Allston, R. F. W., Georgetown, S. C. (8). Born April 21, 1801. Died 

April 7, 1864. 
Alvord, Benjamin, Washington, D. C. (17). Died Oct. 16, 1884, at the 

age of 71. 
Ames, M. P., Springfield, Mass. (1). Born in 1803. Died April 23, 1847. 
Andrews, Ebenezer B., Lancaster, Ohio (7). Died Aug. 21, 1880, aged 59. 
Anthony, Charles H., Albany, N. Y. (6). Died in 1874. 
Appleton, Nathan, Boston, Mass. (1). Bom Oct. 6, 1779. Died July 14, 

1861. 
Armstrong, John W., Fredonla, N. Y. (24). 
Atwater, Mrs. S. T., Chicago, 111. (17). Bom Aug. 8, 1812. Died April U, 

1878. 
Aufrecht, Louis, Cincinnati, Ohio (30). 

Bache, Alexander D., Washington, D. C. (1). Bora July 19, 1806. Died 

Feb. 17, 1867. 
Bache, Franklin, Philadelphia, Pa. (1). Bom Oct. 26, 1792. Died March 

19, 1864. 
Bailey, Jacob W., West Point, N. Y. (1). Bom April 29, 1811. Died 

Feb. 26, 1857. 
Bardwell, F. W., Lawrence, Kan. (13). Died in 1878. 
Barnard, John G., New York, N. Y. (14). Died May 14, 1882. 
Barrett, Moses, Milwaukee, Wis. (21). Died in 1873. 
Barry, Redmond, Melbourne, Australia (25). 

(Ixxxiii) 
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Beck, C. F., Philadelphia, Pa. (1). 

Beck, Lewis C, New Brunswick, N. J. (1). Born Oct. 4, 1798. Died 

April 21, 1858. 
Beck, T. Romeyn, Albany, N. Y. (1). Born Aug. 11, 1791. Died Nov. 19, 

1856. 
Belfrage, G. W., Clifton, Texas (29). Died Dec. 7, 1882. 
Belt, Thomas, London, Eng. (27). Died Sept. 8, 1878. 
Benedict, George W., Burlington, Vt. (16). Born Jan. 11, 1796. Died in 

1871. 
Bicknell, Edwin, Boston, Mass. (18). Bom in 1880. Died March 19, 1877. 
Blnney, Amos, Boston, Mass. (1). Born Oct. 18, 1803. Died Feb. 18, 

1847. 
Binney, John, Boston, Mass. (3). 
Blackle, Geo. S., Nashville, Tenn. (26). 

Blair, Henry W., Washington, D. C, (26). Died Dec. 16, 1884. 
Blake, Homer C, New York, N. Y. (28). Bom Feb. 1, 1822. 

Blanding, William, , R. I. (1). 

Blatchford, Thomas W., Troy, N. Y. (6). 

Blatchley, Miss S. L., New Haven, Conn. (19). Died March 18, 1873. 
Boadle, John, Haddonfleld, N. J. (20). Born in 1806. Died in July, 1878. 
Bomford, George, Washington, D. C. (1). Born 1780. Died March 25, 

1848. 
Bowron, James, South Pittsburg, Tenn. (26). Died In Dec, 1877. 
Bradley, Leverette, Jersey City, N. J. (16). Died in 1876. 
Bralthwalte, Jos., Chambly, C. W. (11). 

Brlggs, Albert D., Springfield, Mass. (13). Died Feb. 20, 1881. 
Brlggs, Robert, Philadelphia, Pa. (29). Born May 18, 1822. Died July 

24, 1882. 
Brigham, Charles H. , Ann Arbor, Mich. (17) . Born July 27, 1820. Died in 

Jan., 1879. 
Brown, Andrew, Natchez, Miss. (1). 
Brown, Horace, Salem, Mass. (27). Died In July, 1883. 
Bull, John, Washington, D. C. (31). Born Aug. 1, 1819. Died June 9, 

1884. 
Burbank, L. S., Woburn, Mass. (18). 
Buraap, G. W., Baltimore, Md. (12). Born Nov. 80, 1802. Died Sept. 

8, 1859. 
Burnett, Waldo I., Boston, Mass. (1). Died July 1, 1864, aged 27. 
Butler, Thomas B., Norwalk, Conn. (10). Born Aug. 22, 1806. Died 

June 8, 1878. 

Calms, F. A., New York, N. Y. (27). Died In 1879. 
Campbell, Mrs. Mary H., CrawfordsvlUe, Ind. (22). Died Feb. 27, 1882. 
Carpenter, Thornton, Camden, S. C. (7). 
Carpenter, William M., New Orleans, La. (1). 

Case, Leonard, Cleveland, Ohio (16). Born June 27, 1820. Died Jan. 6, 
1880. 



Digitized by 



Google 



DECEASED MEMBERS. IZXXY 

Case, William, Cleveland, Ohio (6). 

Caswell, Alexis, Providence, R. I. (2). Born Jan. 29, 1799. Died Jan. 8, 

1877. 
Chadboorne, Paul Ansel, Amherst, Mass. (10). Bom Oct. 21, 1823. Died 

Peb. 23, 1883. 
Chapman, N., Philadelphia, Pa. (1). Born May 28, 1780. Died July 1, 

1863. 
Chase, Stephen, Hanover, N. H. (2). Born in 1818. Died Aug. 6, 1861. 
Chauvenet, William, St. Louis, Mo. (1). Born May 24, 1819. Died Dec. 

13, 1870. 
Cheesman, Loais M., Hartford, Conn. (32). Died in Jan. 1886, aged 27 

years. 
Cheney, Miss Margaret S., Jamaica Plain, Mas^. (29). 
Clapp, Asahel, New Albany, Ind. (1). Born Oct. 6, 1792. Died Dec. 16, 

1862. 
Clark, Henry James, Cambridge, Mass. (13). Died July 1, 1878, aged 47. 
Clark, Joseph, Cincinnati, Ohio (6). 
Clarke, A. B., HoJyoke, Mass. (13). 
Cleaveland, C. H., Cincinnati, Ohio (9). 
Cleveland, A. B., Cambridge, Mass. (2). 

Coffin, James H., Easton, Pa. (1). Born Sept. 6, 1806. Died Feb. 6, 1873. 
Cole, Thomas, Salem, Mass. (1). Born Dec. 24, 1779. Died June 24, 1862. 
Coleman, Henry, Boston, Mass. (1). 
Collins, Frederick, Washington, D. C. (28). Born Dec. 6, 1842. Died 

Oct. 27, 1881. 
Conrad, Timothy Abbott, Philadelphia, Pa. (1). Bom in August, 1803. 

Died August 9, 1877. 
Cooke, Caleb, Salem, Mass. (18). Born Feb. 15, 1838. Died .Tune 6, 1880. 
Cooper, William, Hoboken, N. J. (9). Died in 1864. 
Copes, Joseph S., New Orleans, La. (11). 
Coming, Erastus, Albany, N. Y. (6). Bom Dec. 14, 1794. Died April 9, 

1872. 
Cooper, James Hamilton, Darien, Ga. (1). Born March 6, 1794. Died July 

3, 1866. 
Cramp, J. M., WolMlle, N. S. (11). Born July 26, 1796. Died Dec. 6, 

188L 
Crehore, John D., Cleveland, Ohio (24). 

Crocker, Charles F., Lawrence, Mass. (22). Died in July, 1881. 
Crosby, Alpheus, Salem, Mass. (10). Bom Oct. 13, 1810. Died Apr. 17, 

1874. 
Crosby, Thomas R., Hanover, N. H. (18). Born Oct. 22, 1816. Died 

March 1, 1872. 
Croswell, Edwin, Albany, N. Y. (6). Born in May, 1797. Died June 13, 

1871. 
Curry, W. F., Geneva, N. Y. (11). 
Curtis, Joslah, Washington, D. C. (18). Died Aug. 1, 1883. 

Dalrymple, E. A., Baltimore, Md. (11). Died Oct. 80, 1881. 
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Dayton, Edwin A., Madrid, N. Y. (7). Born in 1827. Died Jane 24, 1878. 

Dean, Amos, Albany, N. Y. (6). Born Jan. 16, 1808. Died Jan. 26, 1868. 

Dearborn, George H. A. S., Roxbory, Mass. (1). . 

Dekay, James E., New York, N. Y. (1). Born in 1792. Died Nor. 21, 1851. 

DeLaski, John, Carver's Harbor, Me. (18). 

Dewey, Chester, Rochester, N. Y. (1). Bom Oct. 25, 1781. Died Dec. 15, 

1867. 
Dexter, G. M., Boston, Mass. (11). 
Dillingham, W. A. P., Aagnsta, Me. (17). 
Dlmmick, L. N., Santa Barbara, Cal. (29). Died May 31, 1884. 
Doggett, Mrs. Kate N., Chicago, III. (17). Died March 12, 1884. 
Doggett, Wm. E., Chicago, 111. (17). Born Nov. 20, 1820. Died in 1876. 
Doolittle, L., Lenoxrille, C. E. (11). filed in 1862. 
Dorr, E. P., Buffalo, N. Y. (15). Died March 28, 1881. 
Draper, Henry, New York, N. Y. (28). 
Dacatel, J. T., Baltimore, Md. (1). 
Daffleld, George, Detroit, Mich. (10). Born July 4, 1794. Died Jane 26, 

1869. 
Dumont, A. H., Newport, R. I. (14). 

Duncan, Lucius C, New Orleans, La. (10). Died Aug. 9, 1855, aged 54. 
Dunn, R. P., Providence, R. I. (14). 

Easton, Norman, Fall River, Mass. (14). Died Dec. 21, 1872. 

Eaton, James H., Beloit, Wis. (17). Died Jan. 6, 1877. 

Elsberg, Louis, New York, N. Y. (23). Died Feb. 19, 1885, aged 48 years. 

Elwyn, Alfred L., Philadelphia, Pa. (1). Died March 16, 1884. 

Ely, Charles Arthur, Elyria, Ohio (4). 

Emerson, Geo. B., Boston, Mass. (1). Born Sept. 12, 1797. Died March 

4, 1881. 
Emmons, Ebenezer, Williamstown, Mass. (1). Bom May 16, 1799. Died 

October 1, 1863. 
Engelmann, George, St. Louis, Mo. (1). Born Feb. 2, 1809. Died Feb. 

4, 1884. 
Engstrom, A. B., Burlington, N. J. (1). 
Eustis, Henry L., Cambridge, Mass. (2). Born Feb. 1, 1819. Died Jan. 

11, 1885. 
Everett, Edward, Boston, Mass. (2). Born April 11, 1794. Died Jan. 15, 

1866. 
Ewing, Thomas, Lancaster, Ohio (5). Born Dec. 28, 1789. Died Oct. 26, 

1871. 

Faries, R. J., Wauwatosa, Wis. (21). Died May 31, 1878. 

Farquharson, Robert James, Des Moines, Iowa. (24). Died Sept. 6, 

1884. 
Ferris, Isaac, New York, N. Y. (6). Born Oct. 9, 1798. Died June 16, 

1873. 
Feuchtwanger, Lewis, New York, N. Y. (11). Died June 25, 1876. 
Fillmore, Millard, Buffalo, N. Y. (7). Born Jan. 7, 1800. Died March 8, 
Fisher, Mark, Trenton, N. J. (10). [1874. 
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Fitch, Alexander, Hartford, Conn. (1). Bom March 25, 1799. Died Jan. 

20, 1869. 
Fitch, O. H., Ashtabula, Ohio (7). Died Sept. 17, 1882, in his 80th year. 
Forbush, E. B., BaiTalo, N. Y. (15). 
Force, Peter, Washington, D. C. (4). Born Nor. 26, 1790. Died Jan. 28, 

1868. 
Ford, A. C, Nashville, Tenn. (26). 

Forsbey, Caleb O., New Orleans, La. (21)* Died In Aug., 1881. 
Foster, John W., Chicago, 111. (1). Born March 4, 1815. Died Jane 29, 

1873. 
FoQcon, Felix, Madison, Wis. (18). 
Fowle, Wm. B., Boston, Mass. {I). Bom Oct. IT, 1795. Died Feb. 6, 

1865. 
Fox, Charles, Grosse lie, Mich. (7). 
Frazer, John F., Philadelphia, Pa. (1). Bora Jnly 8, 1812. Died Oct. 12, 

1872. 
French, J. W., West Point, N. Y. (11). 

Garber, A. P., Colambia, Pa. (29). Died Aug. 26, 1881. 
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ADDEESS 

BY 

PEOFESSOE 0. A, YOUNa, 

THE RETIRING PRESIDENT OP THE ASSOCIATION. 



PENDING PBOBLEMSINASTBONOMT. 



Mr. President, Ladies and Gentlemen of the American 
Association for the Advancement op Science : — 

Thirty-six years ago this very month, in this city, and near the 
place where we are now assembled, the American Association for 
the Advancement of Science was organized, and held its first meet- 
ing. Now, for the first time, it revisits its honored birthplace. 

Few of those present this evening were, I suppose, in attendance 
upon that first meeting. Here and there, among the members of 
the association, I see, indeed, the venerable faces of one and an- 
other, who, at that time in the flush and vigor of early manhood, 
participated in its proceedings and discussions; and there are 
others, who, as boys or youths, looked on in silence, and listening 
to the words of Agassiz and Peirce, of Bache and Henry, and the 
Rogers brothers and their associates, drank in that inspiring love 
of truth and science which ever since has guided and impelled their 
lives. Probably enough, too, there may be among our hosts in the 
audience a few who remember that occasion, and were present as 
spectators. 

But, substantially, we who meet here to-day are a new genera- 
tion, more numerous certainly, and in some respects unquestion- 
ably better equipped for our work, than our predecessors were ; 
though we might not care to challenge comparisons as regards na- 
tive ability, or clearness of insight, or lofty purpose. 

And the face of science has greatly changed in the meantime ; as 
much, perhaps, as have this great city and the nation. One might 
almost say, that, since 1848, " all things have become new " in the 

(1) 
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scientific world. There is a new mathematics and a new astronomy, 
a new chemistry and a new electricity, a new geology and a ne'w 
biology. Great voices have spoken, and have transformed the 
world of thought and research as much as the material products of 
science have altered the aspects of external life. The telegraph 
and dynamo-machine have not more changed the conditions of 
business and industry than the speculations of Darwin and Helm- 
holtz and their compeers have affected those of philosophy and 
science. 

But, although this return to our birthplace suggests retrospec- 
tions and comparisons which might profitably occupy our attention 
for even a much longer time than this evening's session, I prefer, 
on the whole, to take a different course ; looking forwards rather 
than backwards, and confining myself mainly to topics which lie 
along my own line of work. 

The voyager, upon the inland sea of Japan, sees continually ris- 
ing before him new islands and mountains of that fairyland. Some 
come oirt suddenly from behind nearer rocks or islets, which long 
concealed the greater things beyond ; and some are veiled in clouds 
which give no hint of what they hide, until a breeze rolls back the 
curtain : some, and the greatest of them all, are first seen as the 
minutest speck upon the horizon, and grow slowly to their final 
grandeur. Even before they reach the horizon line, while yet in- 
visible, they sometimes intimate their presence by signs in sky and 
air ; so slight, indeed, that only the practised eye of the skilful 
sailor can detect them, though quite obvious to him. 

Somewhat so, as we look forward into the future of a science, we 
see new problems and great subjects presenting themselves. Some 
are imminent and in the way, — they must be dealt with at once, 
before further progress can be made ; others are more remotely 
interesting in various degrees ; and some, as yet, are mere sugges- 
tions, almost too misty and indefinite for steady contemplation. 

With your permission, I propose this evening to consider some 
of the pending problems of astronomy, — those which seem to be 
most pressing, and most urgently require solution as a condition 
of advance ; and those which appear in themselves most interest- 
ing, or likely to be fruitful, from a philosophic point of view. 

Taking first those that lie nearest, we have the questions which 
relate to the dimensions and figure of the earth, the uniformity of 
its diurnal rotation, and the constancy of its poles and axis. 
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I think the impression prevails, that we already know the earth's 
dimensions with an accuracy even greater than that required by 
any astronomical demands. I certainly had that impression myself 
not long ago, and was a little startled on being told by the super- 
intendent of our Nautical almanac that the remaining uncertainty 
is still sufficient to produce serious embarrassment in the reduc- 
tion and comparison of certain lunar observations. The length of the 
line joining, say, the Naval observatory at Washington with the 
Roj^al observatory at Cape of Good Hope, is doubtful ; not to 
the extent of only a few hundred feet, as commonly supposed, but 
the uncertainty amounts to some thousands of feet, and may pos- 
sibly be a mile or more — probably not less than a ten-thousandth 
of the whole distance ; and the direction of the line is uncertain in 
about the same degree. Of course, on those portions of either 
continent which have been directly connected with each other by 
geodetic triangulations, no corresponding uncertainty obtains ; and 
as time goes on, and these surveys are extended, the form and di- 
mensions of each continuous land-surface will become more and 
more perfectly determined. But at present we have no satisfac- 
tory means of obtaining the desired accuracy in the relative posi- 
tion of places separated by oceans, so that thej' cannot be connected 
by chains of triangulation. Astronomical determinations of lati- 
tude and longitude do not meet the case.; since, in the last analy- 
sis, they only give at any selected station the direction of gravity 
relative to the axis of the earth and some fixed meridian plane, 
and do not furnish any linear measurement or dimension. 

Of course, if the surface of the earth were an exact spheroid, and 
if there were no irregular attractions due to mountains and valleys 
and the varying density of strata, the difficulty could be easily 
evaded ; but, as the matter stands, it looks as if nothing short of 
a complete geodetic triangulation of the whole eaith would ever 
answer the purpose, — a triangulation covering Asia and Africa, 
as well as Europe, and brought into America by the way of Siberia 
and Behring's Strait. 

It is indeed theoretically possible, and just conceivable, that the 
problem may some day be reversed, and that the geodesist may 
come to owe some of his most important data to the observers of 
the lunar motions. When the relative position of two or more re- 
mote observatories shall have been precisely determined by triang- 
ulation (for instance, Greenwich, Madras, and the Cape of Good 
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Hope), and when, by improved methods and observations made at 
these fundamental stations, the moon's position and motion rela- 
tive to them shall have been determined with an accuracy much 
exceeding anything now attainable, then by similar observation s, 
made simultaneously at an}' station in this hemisphere, it will be 
theoretically possible to determine the position of this station, and 
so, by the way of the moon, to bridge the ocean, and ascertain how 
other stations are related to those which were taken as primary. 
I do not, of course, mean to imply, that, in the present state of ob- 
servational astronomy, any such procedure would lead to results 
of much value ; but, before the Asiatic triangulation meets the 
American at Behring's Strait, it is not unlikely that the accuracy of 
lunar observations will be gre&tly increased. 

The present uncertainty as to the earth's dimensions is not, how- 
ever, a sensible embarrassment to astronomers, except in dealing 
with the moon ; especially in attempting to employ observations 
made at remote and ocean-separated stations for the determination 
of her parallax. 

As to the form of the earth, it seems pretty evident that before 
long it will be wise to give np further attempts to determine ex- 
actly what spheroid or ellipsoid moat nearly corresponds to the act- 
ual figure of the earth ; since every new continental survey will 
require a modification of the elements of this spheroid in order to 
take account of the new data. It will be better to assume some 
closely approximate spheroid as a finality ; its elements to be 
forever retained unchanged, while the deviations of the actual sur- 
face from this ideal standard will be the subject of continued in- 
vestigation and measurement. 

A more important and anxious question of the modern astrono- 
mer is this. Is the earth's rotation uniform, and, if not, in what way 
and to what extent does it vary? The importance, of course, lies 
in the fact that this rotation furnishes our fundamental measure 
and unit of time. 

Up to a comparatively recent date, there has not been reason to 
suspect this unit of any variation suflScient to be detected by 
human observation. It has long been perceived, of course, that 
any changes in the earth's form or dimensions must alter the 
length of the day. The displacement of the surface or strata by 
earthquakes or by more gradual elevation and subsidence, the 
transportation of matter towards or from the equator by rivers or 
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ocean currents, the accumulation or removal of ice in the polar 
regions or on mountain-tops, — any such causes must necessarily 
produce a real effect. So, also, must the friction of tides and 
trade -winds. But it has been supposed that these effects were so 
minute, and to such an extent mutually compensatory, as to be 
quite beyond the reach of observation ; nor is it yet certain that 
they are not. All that can be said is, that it is now beginning to 
be questionable whether they are, or are not. 

The reason for suspecting perceptible variation in the earth's 
revolution lies mainly in certain unexplained irregularities in the 
apparent motions of the moon. She alone, of all the heavenly 
bodies, changes her place in the sky so rapidly, that minute inac- 
curacies of a second or two in the time of observation would lead 
to sensible discrepancies in the observed position ; an error of one 
second, in the time, corresponding to about half a second in her 
place, — a quantity minute, certainly, but perfectly observable. 
No other heavenly body has an apparent movement anywhere 
nearly as rapid, excepting only the inner satellite of Mars ; and 
this body is so minute that its accurate observation is impractica- 
ble, except with the largest telescopes, and at the times when 
Mars is unusuall}' near the earth. 

Now, of late, the motions of the moon have been very carefully 
investigated, both theoretically and observationally ; and, in spite 
of every thing, there remain discrepancies which defy explanation. 
We are compelled to admit one of three things, — either the lunar 
theory is in some degree mathematically incomplete, and fails to 
represent accurately the gravitational action of the earth and sun, 
and other known heavenly bodies, upon her movements ; or some 
unknown force other than the gravitational attractions of these 
bodies is operating in the case ; or else, finally, the earth's rotOr 
tional motion is more or less irregular, and so affects the time- 
reckoning, and confounds prediction. 

If the last is really the case, it is in some sense a most discour- 
aging fact, necessarily putting a limit to the accuracy of all pre- 
diction, unless some other unchanging and convenient measure of 
time shall be found to replace the " day " and '' second. " 

The question at once presents itself, How can the constancy 
of the day be tested? The lunar motions furnish grounds of sus- 
picion, but nothing more ; since it is at least likely that the math- 
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ematical theory is minutely incorrect or incomplete as that the day 
is sensibly variable. 

Up to the present time, the most effective tests suggested are 
from the transits of Mercury and ^rom the eclipses of Jupiter's 
satellites. On the whole, the result of Professor Newcomb's elab- 
orate and exhaustive investigation of all the observed transits, to- 
gether irith all the available eclipses and occultations of stars, 
tends rather to establish the sensible constancy of the day, and to 
make it pretty certain (to use his own language) that ^^ inequali- 
' ties in the lunar motions, not accounted for by the theory of grav- 
' itation, really exist, and in such a way that the mean motion of 
' the moon between 1800 and 1875 was really less (*.€., slower) 
'than between 1720 and 1800/' Until lately, the observations of 
Jupiter's satellites have not been made with sufficient accuracy to 
be of anj' use in settling so delicate a question ; but at present 
the observation of their eclipses is being carried on at Cambridge, 
Mass., and elsewhere, by methods that promise a great increase of 
accuracy over anything preceding. Of course, no speedy solution 
of the problem is possible through such observations, and their re- 
sult will not be so free from mathematical complications as desir- 
able, — complications arising from the mutual action of the 
satellites, and the ellipsoidal form of the planet. On account of 
its freedom from all sensible disturbances, the remote and solitary 
satellite of Neptune may possibly some time contribute useful data 
to the problem. 

We have not time, and it lies outside my present scope, to dis- 
cuss, whether, and, if so, how, it may be possible to find units of 
time and length which shall be independent of the earth's condi- 
tions and dimensions ; free from all local considerations^ cosmical, 
and as applicable in the planetary system of the remotest star as 
in our own. At present we can postpone its consideration ; but 
the time must unquestionably come, when the accuracy of scien- 
tific observation will be so far increased, that the irregularities of 
the earth's rotation, produced by the causes alluded to a few min- 
utes ago, will protrude, and become intolerable. Then a new unit 
of time will have to be found for scientific purposes, founded, per- 
haps, as has been already suggested by many ph3^sicists, upon the 
vibrations or motion of light, or upon some other physical action 
which pervades the universe. 
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Another problem of terrestrial astronomy relates to the constancy 
of the position of the earth's axis in the globe. Just as displace- 
ments of matter upon the surface or in the interior of the earth 
would produce changes in the time of rotation, so also would they 
cause corresponding alterations in the position of the axis and in 
the places of the poles, — changes certainly veiy minute. The 
only question is, whether they are so minute as to defy detection. 
It is easy to see that any such displacements of the earth's axis 
will be indicated by changes in the latitudes of our observatories. 
If, for instance, the pole were moved a hundred feet from its pres- 
ent position towards the continent of Europe, the latitudes of Euro- 
pean observatories would be increased about one second, while in 
Asia and America the effects would be trifling. 

The only observational evidence of such movements of the pole, 
which thus far amounts to anything, is found in the results obtained 
t>y Nyren in reducing the determinations of the latitude of Pul- 
kowa, made with the great vertical circle, during tlie last twenty- 
five years. They seem to show a slow, steady diminution of the 
latitude of this observatory, amounting to about a second in acen- 
tur}' ; ^s if the north pole were drifting away, and increasing its 
distance from Pulkowa at the rate of about one foot a year. The 
Greenwich and Paris observations do not show any such result ; 
but they are not conclusive, on account of the difference of lon- 
gitude, to say nothing of their inferior precision. The question is 
certainly a doubtful one ; but it is considered of so much impor- 
tance, that, at the meeting of the International geodetic associa- 
tion in Rome last year, a resolution was adopted recommending 
observations specially designed to settle it. The plan of Sig. Fer- 
gola, who introduced the resolution, is to select pairs of stations, 
having nearly the same latitude, but differing widely in longitude, 
and to determine the difference of their latitudes by observations 
of the same set of stars, observed with similar instruments, in the 
same manner, and reduced by the same methods and formulas. 
So far as possible, the same observers are to be retained through a 
series of years, and are frequently to exchange stations when prac- 
ticable, so as to eliminate personal equations. The main diffi- 
culty of the problem lies, of course, in the minuteness of the effect 
to be detected ; and the only hope of success lies in the most scru- 
pulous care and precision in all the operations involved. 

Other problems, relating to the rigidity of the earth and its in- 
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ternal constitution and temperature, have, indeed, astronomical 
bearings, and may be reached to some extent bj^ astronomical 
methods and considerations ; but they lie on the border of our sci- 
ence, and time forbids anything more than their mere mention 
here. 

If we consider, next, the problems set us by the moon, we find 
them numerous, important and difficult. A portion of them are 
purely mathematical, relating to her orbital motion ; while others 
are physical, and have to do with her surface, atmosphere, heat, 
etc. 

As has already been intimated, the lunar theory is not in a satis- 
factory state. I do not mean, of course, that the moon's deviations 
from the predicted path are gross and palpable, — such, for instance 
as could be perceived by the unaided eye (this I say for the bene- 
fit of those who otherwise might not understand how small a mat- 
ter sets astronomers to grumbling) ; but they are large enough to 
be easily observable, and even obtrusive, amounting to several 
seconds of arc, or miles of space. As we have seen, the attempt 
to account for them by the irregularity of the earth's rotation has 
apparently failed ; and we are driven to the conclusion, either that 
other forces than gravitation are operative upon the lunar motions, 
or else (what is far more probable, considering the past histoiy of 
theoretical astronomy) that the mathematical theory is somewhere 
at fault. 

To one looking at the matter a little from the outside, it seems 
as if that which is most needed just now, in order to secure the 
advance of science in many directions, is a new, more comprehen- 
sive, and more manageable solution of the fundamental equations 
of motion under attraction. Far be it from me to cry out against 
those mathematicians who delight themselves in transcendental and 
w-dimensional space, and revel in the theory of numbers, — we all 
know how unexpectedly discoveries and new ideas belonging to 
one field of science find use and application in widely difiering re- 
gions, — but I own, I feel much more interest in the study of the 
theory of functions and differential equations, and expect more aid 
^ for astronomy from it. 

The problem of any number of bodies, moving under their mu- 
tual attraction, according to the Newtonian laws, stands, from a 
physical point of view, on precisely the same footing as that of two 
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bodies. Given the masses, and the positions and velocities cor- 
responding to any moment of time, then the whole configuration of 
the system for all time, past and future (abstracting outside forces, 
of course), is absolutely determinate, and amenable to calcula- 
tion. But while, in the case of two bodies, the calculation is easy 
and feasible by methods known for two hundred years, our analy- 
sis has not yet mastered the general problem for more than two. 
In special instances, by computations, tedious, indirect, and ap- 
proximate, we can, indeed, cariyour predictions forward over long 
periods, or indicate past conditions with any required degree of 
accuracy ; but a general and universally practicable solution is 
yet wanting. The difficulties in the way are purely mathematical : 
a step needs to be taken, corresponding in importance to the in- 
troduction of the circular functions into trigonometry, the inven- 
tion of logarithms, or the discovery of the calculus. The problem 
confronts the astronomer on a hundred different roads ; and, until 
it is overcome, progi*ess in these directions must be slow and pain- 
ful. One could not truly say, perhaps, that the lunar theory must, 
in the meanwhile, remain quite at a standstill : labor expended in 
the old ways, upon the extension and development of existing 
methods, may not be fruitless, and may, perhaps, after a while, 
effect the reconcilement of prediction and observation far beyond 
the present limits of accuracy. But if we only had the mathemat- 
ical powers we long for, then progress would be as by wings : we 
should fly, where now we crawl. 

As to the physical problems presented by the moon, the ques- 
tions relating to the light and heat — the radiant energy — it sends 
us, and to its temperature, seem to be the most attractive at present, 
especially for the reason that the results of the most recent inves- 
tigators seem partially to contradict those obtained by their pred- 
ecessors some years ago. It now looks as if we should have to 
admit that nearly all we receive from the moon is simply reflected 
radiation, and that the temperature of the lunar surface nowhere 
rises as high as the freezing-point of water, or even of mercury. 
At the same time, some astronomers of reputation are not dis- 
posed to admit such an upsetting of long-received ideas ; and it is 
quite certain, that, in the course of the next few years, the sub- 
ject will be carefully and variously investigated. 

Closely connected with this is the problem of a lunar atmosphere 
— if, indeed, she have any. 
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Then there is the very interesting discussion concerning changes 
upon the moon's surface. Considering tlie difference between our 
modern telescopes and those employed fifty or a hundred years 
ago, I think it still far from certain that the differences between the 
representations of earlier and later observers necessarily imply 
any real alterations. But they, no doubt, render it considerably 
probable that such alterations have occurred, and are still in prog- 
ress, and they justify a persistent, careful, minute, and thorough 
study of the details of the lunar surface with powerful instruments : 
especially do they inculcate the value of large-scale photographs, 
which can be preserved for future comparison as unimpeachable 
witnesses. 

I will not leave the moon without a word in respect to the re- 
markable speculations of Professor George Darwin concerning the 
tidal evolution of our satellite. Without necessarily admitting all 
the numerical results as to her age and herpast and future history, 
one may certainly say that he has given a most plausible and satis- 
factory explanation of the manner in which the present state of 
things might have come about through the operation of causes 
known and recognized, has opened a new field of research, and 
shown the way to new dominions. The introduction of the doc- 
trine of the conservation of energy, as a means of establishing the 
conditions of motion and configuration in an astronomical system, 
is a very important step. 

In the planetary system we meet, in the main, the same prob- 
lems as those that relate to the moon, with a few cases of special 
interest. 

For the most part, the accordance between theory and observa- 
tion in the motions of the larger planets is as close as could be ex- 
pected. The labors of Leverrier, Hill, Newcomb, and others, have 
so nearly cleared the field, that it seems likely that several decades 
will be needed to develop discrepancies suflacient to furnish any 
important corrections to our present tables. Leverrier himself, 
however, indicated one striking and significant exception to the 
general tractableness of the planets. Mercury, the nearest to 
the sun, and the one, therefore, which ought to be the best be- 
haved of all, is rebellious to a certain extent : the perihelion of 
its orbit moves around the sun more rapidly than can be explained 
by the action of the other known planets. The evidence to this 
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effect has been continually accumulating ever since Leverrier first 
SLiinounced the fact, some thirty years ago ; and the recent inves- 
tigation by Professor Newcomb, of the whole series of observed 
transits, puts the thing beyond question. Leverrier's own belief 
(in which he died) was, that the effect is due to an unknown planet 
or planets between Mercury and the sun ; but, as things now stand, 
we think that any candid investigator must admit that the prob- 
ability of the existence of any such body or bodies of considerable 
dimensions is vanishingly small. We do not forget the numerous 
instances of round spots seen on the solar disk, nor the eclipse- 
stars of Watson, Swift, Trouvelot, and others ; but the demon- 
strated possibility of error or mistake in all these cases, and the 
tremendous array of negative evidence from the most trustworthy 
observers, with the best equipment and opportunity, make it little 
short of certain that there is no Vulcan in the planetary system. 

A ring of meteoric matter between the planet and the sun might 
account for the motion of the perihelion ; but, as Newcomb has 
suggested, such a ring would also disturb the nodes of Mercury's 
orbit. It has been surmised that the cause may be something in the 
distribution of matter within the solar globe, or some variation in 
gravitation from the exact law of the inverse square, or some sup- 
plementary electric or magnetic action of the sun, or some special 
effect of the solar radiation, sensible on account of the planet's 
proximity, or something peculiar to the region in which the planet 
moves ; but as 3'et no satisfactory explanation has been estab- 
lished. 

Mercury still defies all our attempts to ascertain the length 
of its day, and the character and condition of its surface. Appar- 
ently the instruments and methods now at command are insuflScient 
to cope with the difficulties of the problem ; and it is not easy to 
sa^' how it can be successfully attacked. 

With Venus, the earth's twin-sister, the state of things is a little 
better: we do already know, with some degree of approximation, 
her period of rotation ; and the observations of the last few months 
bid fair, if followed up, to determine the position of her poles, and 
possibly to give us some knowledge of her mountains, continents, 
and seas. "^ 

It would be rash to say of Mars that we have reached the limit 
of possible knowledge as regards a planet's sui*face ; but the main 
facts are now determined, and we have a rather surprising amount 
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of supposed knowledge regarding his geography. By "supposed 
I mean merely to insinuate a modest doubt whether some of the 
map-makers have not gone into a little more elaborate detail than 
the circumstances warrant. At any rate, while the ^^Areographies" 
agree very well with each other in respect to the planet's more 
impoi*tant features, they differ widely and irreconcilably in minor 
points. 

Of the asteroids there is but little to be said. We are rather 
reluctantly obliged to admit that it is a part of our scientific duty 
as astronomers to continue to search for the remaining members of 
the group ; at least, I suppose so, although the family has already 
become embarrassingly large. Still I think we are likely to learn 
as much about the constitution, genesis, and history of the solar 
system from these little flying rocks as from their larger relatives ; 
and the theory of perturbations will be forced to rapid growth in 
dealing with the effects of Jupiter and Saturn upon their motions. 

Nor is it unlikely that some day the hunter for this small game 
may be rewarded by the discoveiy of some great world, as yet 
unknown, slow moving in the outer desolation bej-ond the re- 
motest of the present planetary family. Some configurations in 
certain cometary orbits, and some almost evanescent peculiarities 
in Neptune's motions, have been thought to point to the existence 
of such a world ; and there is no evidence, nor even a presumption 
against it. 

As regards the physical features of the asteroids, we at present 
know practically nothing : the field is absolutely open. Whether 
it is worth any thing may be a question ; and yet, if one coiUd reach 
it, I am persuaded that a knowledge of the substance, form, density, 
rotation, temperature, and other physical characteristics, of one of 
these little vagabonds, would throw vivid light on the nature and 
behavior of interplanetary space, and would be of great use in 
establishing the physical theory of the solar system. 

The planet Jupiter, lordliest of them all, still, as from the first, 
presents problems of the highest importance and interest. A sort 
of connecting-link between suns and planets, it seems as if, perhaps, 
we might find, in the beautiful and varied phenomena he exhibits, a 
kind of halfway house between familiar terrestrial facts and solar 
mysteries. It appears quite certain that no analogies drawn from 
the earth and the earth's atmosphere alone will explain the strange 
things seen upon his disk, some of which, especially the anomalous 
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clifferences observed between the rotation periods derived from the 
observation of markings in different latitudes, are very similar to 
what we find upon the sun. '^Tho great red spot" which has just 
disappeared, after challenging for several years our best endeavors 
to understand and explain it, still, I think, remains as much a 
inj^stery as ever, — a mystery probably hiding within itself the 
master-key to the constitution of the great orb of whose inmost 
nature it was an outward and most characteristic expression. The 
same characteristics are also probably manifested in other less 
conspicuous but equally curious and interesting markings on the 
varied and ever-changing countenance of this planet ; so that, like 
the moon, it will well repay the most minute and assiduous study. 

Its satellite system deserves careful observation, especially in 
respect to the eclipses, since we find in them a measure of the 
time required for light to cross the orbit of the earth, and so of the 
solar parallax ; and also because, as has been already mentioned, 
they furnish a test of the constancy of the earth's rotation. The 
photometric method of observing these eclipses, first instituted 
by Professor Pickering at Cambridge in 1878, and since re-invent- 
ed by Cornu in Paris, has already much increased the precision 
of the results. 

With reference to the mathematical theory of the motion of these 
satellites, the same remarks apply as to the planetary theory. As 
yet nothing appears in the problem to be beyond the power and 
scope of existing methods, when carried out with the necessary 
care and prolixity ; but a new and more compendious method is 
most desirable. 

The problems of Saturn are n^uch the same as those of Jupiter, 
excepting that the surface and atmospheric phenomena are less 
striking, and more difl3cult of observation. But we have, in addition, 
the wonderful rings, unique in tbe heavens, the loveliest of all 
telescopic objects, the type and pattern, I suppose, of world-making, 
in actual progress before our eyes. There seems to be continually 
accumulating evidence from the observations of Struve, Dawes, 
Henry, and others, that these whirling clouds are changing in 
their dimensions and in the density of their different parts ; and 
it is certainly the duty of every one who has a good telescope, a 
sliarp eye, and a chastened imagination, to watch them carefully, 
and set down exactly what he sees. It may well be that even a 
few decades will develop most important and instructive phenomena 
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in this gauzy girdle of old Chronos. Great care, however, is needed 
in order not to mistake fancies and illusions for solid facts. Not 
a few anomalous appearances have been described and commented 
on, which failed to be recognized by more cautious observers with 
less vivid imaginations, more trustworthy eyes, and better 
telescopes. 

The outer planets, Uranus and Neptune, until recently, have 
defied all attempts to study their surface and physical characterise 
tics. Their own motions and those of their satellites, have been 
well worked out ; but it remains to discuss their rotation, topog- 
raphy, and atmospheric peculiarities. So remote are thej^, and 
so faintly illuminated that the task seems almost hopeless ; and 
yet, within the year or two, some of our great telescopes have 
revealed faint and evanescent marking upon Uranus, which may 
in time lead to further knowledge of that far-off relative. Per- 
haps, the telescope of the future will give us some such views of 
Neptune as we now get of Jupiter. 

There is a special reason for attempts to determine the rotation 
periods of the planets, in the fact that there is very possibly some 
connection between these periods, on the one hand, and, on the other, 
the planets' distances from the sun, their diameters and masses. 
More than thirty years ago, Professor Kirkwood supposed that he 
had discovered the relation in the analogy which bears his name. 
The materials for testing and establishing it were then, however, 
insufficient, and still remain so, leaving far too many of the data 
uncertain and arbitrary. Could such a relation be discovered, it 
could hardly fail to have a most important significance with respect 
to theories of the origin and development of the planetary system. 

The great problem of the absolute dimensions of our system is, 
of course, commanded by the special problem of the solar parallax ; 
and this remains a problem still. Constant errors of one kind or 
another, the origin of which is still obscure, seem to affect the 
different methods of solution. Thus, while experiments upon 
the velocity of light and heliometric measurements of the dis- 
placements of Mars among the stars agree remarkably in assigning 
a smaller parallax (and greater distance of the sun) than seems 
to be indicated by the observations of the late transits of Venus, 
and by methods founded on the lunar motions, on the other hand, 
the meridian observations of Mars all point to a larger parallax 
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a.iid smaller distance. While still disposed to put more confidence 
in the methods first named, I, for one, must admit that the margin 
of probable error seems to me to have been rather increased 
than diminished by the latest published results deduced from the 
transits. I do not feel so confident of the correctness of the value 
8''. 80 for the solar parallax as I did three j^ears ago. In its very 
nature, this problem is one, however, that astronomers can never 
have done with. So fundamental is it, that the time will never 
come when they can properly give up tjie attempt to increase the 
precision of their determination, and to test the received value by 
every new method that may be found. 

The problems presented by the Sun alone might themselves 
well occupy more than the time at our disposal this evening. Its 
mass, dimensions, and motions, as a whole, are, indeed, pretty 
well determined and understood ; but when we come to questions 
relating to its constitution, the cause and nature of the appearances 
presented upon its surface, the periodicity of its spots, its tempera- 
ture, and the maintenance of its heat, the extent of its atmosphere, 
and the nature of the corona, we find the most radical diflferences 
of opinion. 

The diflaculties of all solar problems are, of course, greatly 
enhanced by the enormous difference between solar conditions 
and the conditions attainable in our laboratories. We often 
reach, indeed, similarity sufidcient to establish a bond of connec- 
tion, and to afford a basis for speculation ; but the dissimilarity 
remains so great as to render quantitative calculations unsafe, and 
make positive conclusions more or less insecure. We can pretty 
confidently infer the presence of iron and hydrogen and other 
elements in the sun by appearances which we can reproduce upon 
the earth; but we cannot safely apply empirical formulae (like 
that of Dulong and Petit, for instance), deduced from terrestrial 
experiments, to determine solar temperatures ; such a proceeding 
is an unsound and unwarrantable extrapolation, likely to lead to 
widely erroneous conclusions. 

For my own part, I feel satisfied as to the substantial correctness 
of the generally received theory of the sun's constitution, which 
regards this body as a great ball of intensely heated vapors and 
gases, clothed outwardly with a coat of dazzling clouds formed by 
the condensation of the less volatile substances into drops and 
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crystals like rain and snow. Yet it must be acknowledged that 
this hypothesis is called in question by high authorities, who 
maintain, with KiiH^hhoff and Zollner, that the visible photosphere 
is no mere layer of clouds, but either a solid crust, or a liquid 
ocean of molten metals ; and there may be some who continue to 
hold the view of the elder Herschel (still quoted as authoritative 
in numerous school-books), that the central core of the sun is a 
solid and even habitable globe, having the outer surface of its 
atmosphere covered with a sheet of flame maintained by some 
action of the matter diffused in the space through which the 
system is rushing. We must admit that the question of the sun's 
constitution is not 3'et beyond debate. 

And not only the constitution of the sun itself, but the nature 
and condition of the matter com[X)sing it, is open to question. 
Have we to do with iron and sodium and hydrogen as we know 
them on the earth, or are the solar substances in some different 
and more elemental state? 

However confident many of us may be as to the general theory 
of the constitution of the sun, very few, I imagine, would maintain 
that the full explanation of sun-spots and their behavior has yet 
been reached. We meet continually with phenomena, which, if 
not really contradictory to prevalent ideas, at least do not find in 
them an easy explanation. 

So far as mere visual appearances are concerned, 1 think it must 
be conceded, that the most natural conception is that of a dark 
chip or scale thrown up from beneath, like scum in a caldron, and 
floating, partly submerged, in the blazing flames of the photosphere 
which overhang its edges, and bridge across it, and cover it with 
filmy veils, until at last it settles down again and disappears. It 
hardly looks like a mere hollow filled with cooler vapor, nor is its 
appearance that of a cyclone seen from above. But then, on the 
other hand, its spectrum under high dispersion is very peculiar ; 
not at all that of a solid, heated slag, but it is made up of countless 
fine dark lines, packed almost in contact, showing, however, here 
and there, a bright line, or at least an interspace where the rank 
is broken by an interval wider than that which elsewhere separates 
the elementary lines, — a spectrum, which, so far as I know, has 
not yet found an analogue in any laboratory experiment. It seems, 
however, to belong to the type of absorption spectra, and to indi- 
cate, as the accepted theor}^ requires, that the spot is dark in 
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oonsequence of loss of light, and not from any original defect of 
luminosity. Here, certainly, are problems that require solution. 

The problem of the sun's peculiar rotation and equatorial 

Acceleration is a most important one and still unsolved, Pix)bably 

its solution depends in some way upon a correct understanding of 

tlie exchanges of matter going on between the interior and the 

surface of the fluid, cooling globe. It is a significant fact (already 

alluded to), that a similar relation appears to hold upon the disk 

of Jupiter; the bright spots near the equator of the planet 

completing their rotation about five minutes more quickly than the 

great red spot, which was forty degrees from the equator. It is 

liardly necessary to say that an astronomer, watching our 

terrestrial clouds from some external station (on the moon, for 

instance), would observe just the reverse. On the earth, equatorial 

clouds complete their revolution moi'e slowly than those in our own 

latitude. Oar storms travel toward the east, while the volcanic 

dust from Krakatoa moved swiftly west. We may at least 

conjecture that the difference between different planets somehow 

turns upon the question, whether the body whose atmospheric 

currents we observe is receiving more heat from without than it is 

throwing off itself. 

Whatever may be the true explanation of this peculiarity in the 
motion of sun-spots, it will, when reached, probably carry with it 
the solution of many other mysteries, and will arbitrate conclu- 
sively between rival hypotheses. 

The periodicity of the sun-spots suggests a number of important 
and interesting problems ; relating, on the one hand, to its myste- 
rious cause, and, on the other, to the possible effects of this 
periodicity upon the earth and its inhabitants. I am no '^sun- 
spottist" myself, and am doubtful whether the terrestrial influ- 
ence of sun-spots amounts to anything worth speaking of, except 
in the direction of magnetism. But all must concede that this 
is by no means yet demonstrated (it is not easy to prove a nega- 
tive) ; and there certainly are facts and presumptions enough tend- 
ing the other way to warrant more extended investigation of the 
subject. The investigation is embarrassed by the circumstance, 
pointed out by Dr. Gould, that the effects of sun-spot periodicity, 
if they exist at all (as he maintains they do), are likely to be quite 
different in different portions of the earth. The influence of changes 
in the amount of solar radiation will, he says, be first and chiefly 
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felt in alterations and deflections of the prevailing winds, thus 
varying the distribution of heat and rain apon the surface of the 
earth without necessarily much changing its absolute amount. In 
some regions it may, therefore, be warmer and diyer during a 
sun-spot ipaximum, while in adjoining countries it is the reverse. 

There can be no question, that it is now one of the most im- 
portant and pressing problems of observational astronomy to 
devise apparatus and methods delicate enough to enable the student 
to follow promptly and accurately the presumable changes in the 
daily, even the hourly, amounts of the solar radiation. It might, 
perhaps, be possible with existing instruments to obtain results 
of extreme value from observations kept up with persistence and 
scrupulous care for several years at the top of some rainless moun- 
tain, if such can be found ; but the undertaking would be a difficult 
and serious affair, quite beyond any private means. 

Related to this subject is the problem of the connection between 
the activity of the solar surface and magnetic disturbances on the 
earth, — a connection unquestionable as a matter of fact, but at 
present unexplained as a matter of theory. It may have some- 
thing to do with the remarkable prominence of iron in the list of 
solar materials ; or the explanation may, perhaps, be found in the 
mechanism by means of which the radiations of light and heat' 
traverse interplanetary space, presenting itself ultimately as a 
corollary of the perfected electro-magnetic theory of light. 

The chromosphere and prominences present several problems of 
interest. One of the most fruitful of them relates to the spectro- 
scopic phenomena at the base of the chromosphere, and especially 
to the strange differences in the behavior of different spectrum- 
lines, which, according to terrestrial observations, are due to the 
same material. Of two lines (of iron, for instance) side by side 
in the spectrum, one will glow and blaze, while the other will sulk 
in imperturbable darkness ; one will be distorted and shattered, 
presumably by the swift motion of the iron vapor to which it is 
due, while the other stands stiff and straight. 

Evidently there is some deep-lying cause for such differences ; 
and as yet no satisfactory explanation appears to have been 
reached, though much ingenious speculation has been expended 
upon it. Mr. Lockyer's bold and fertile hypothesis, already al- 
luded to, that at solar and stellar temperatures our elements are 
decomposed into others more elemental yet, seems to have failed 
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of demonstration thus far, and rather to have lost ground of late ; 
and yet one is almost tempted to say, "It ought to be true," and to 
add that there is more than a possibility that its essential truth 
livill be established some time in the future. 

Probably all that can be safely said at present is, that the spec- 
trum of a metallic vapor (iron, for instance, as before) depends 
not only upon the chemical element concerned, but also upon its 
pbysical conditions ; so that, at different levels in the solar atmos- 
phere, the spectrum of the iron will differ greatly as regards the 
relative conspicuousness of different lines ; and so it will happen, 
that, whenever any mass of iron vapor is suffering disturbance, 
those lines only which particularly characterize the spectrum of 
iron in that special state will be distorted or reversed, while all 
their sisters will remain serene. 

The problem of the solar corona is at present receiving much 
attention. The most recent investigations concerning it — those 
of Dr. Huggins and Professor Hastings — tend in directions which 
appear to be diametrically opposite. Dr. Huggins considers that 
he has succeeded in photographing the corona in full sunshine, 
and so in establishing its objective reality as an immense solar 
appendage, sub-permanent in form, and rotating with the globe 
to which it is attached. One may call it " an atmosphere," if the 
word is not too rigidly interpreted. I am bound to say that plates 
which he has obtained do really show just such appearances as 
would be produced by such a solar appefidage, though they are 
very faint and ghost-like. I may add further, that, from a letter 
from Dr. Huggins, recently received, I learn that he has been 
prevented from obtaining any similar plates in England this sum- 
mer by the atmospheric haze, but that Dr. Woods, who has been 
provided with a similar apparatus, and sent to the Riffelberg in 
Switzerland, writes that he has '^ an assured success." 

Our American astronomer, on the other hand, at the last eclipse 
(in the Pacific Ocean), observed certain phenomena which seem 
to confirm a theory he had formulated some time ago, and to in- 
dicate that the lovely apparition is an apparition only, a purely 
optical effect due to the diffraction (not refraction, nor reflection 
either) of light at the edge of the moon — no more a solar appen- 
dage than a rainbow or a mock sun. There are mathematical 
considerations connected with the theory which may prove decisive 
when the paper of its ingenious and able proposer comes to be 
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published in Ml. In the meantime it must be frankl}' conceded 
that the observations made by him are very awkward to explain 
on any other hypothesis. 

Whatever may be the result, the investigation of the status and 
possible extent of a nebulous envelope around a sun or star is 
unquestionably a problem of very great interest and importance. 
We shall be compelled, I believe, as in the case of comets, to 
recognize other forces than gravity, heat, and ordinary gaseous 
elasticity, as concerned in the phenomena. As regards the actual 
existence of an extensive gaseous envelope around the sun, it may 
be added that other appearances than those seen at an eclipse seem 
to demonstrate it beyond question, — phenomena such as the origi- 
nal formation of clouds of incandescent hydrogen at high eleva- 
tions, and the forms and motions of the loftiest prominences. 

But of all solar problems, the one which excites the deepest and 
most general interest is that relating to the solar heat, its main- 
tenance and its duration. For my own part, I find no fault with 
the solution proposed by Helmholtz, who accounts for it mainly 
by the slow contraction of the solar sphere. The only objection 
of much force is, that it apparently limits the past duration of the 
solar system to a period not much exceeding some twenty millions 
of years ; and many of our geological friends protest against so 
scanty an allowance. The same theory would give us, perhaps, 
half as much time for our remaining lifetime ; but this is no ob- 
jection, since there is no reason to denj^ the final cessation of the 
sun's activity, and the consequent death of the system. But 
while this hypothesis seems fairly to meet the requirements of the 
case, and to be a necessary consequence of the best knowledge we 
can obtain as to the genesis of our system and the constitution of 
the sun itself, it must, of course, be conceded that it does not yet 
admit of observational verification. No measurements within our 
power can test it, so far as appears at present. 

It may be admitted, too, that much can be said in favor of other 
theories ; such as the one that attributes the solar heat to the im- 
pact of meteoric matter, and that other most interesting and ingen- 
ious theory of the late Sir William Siemens. 

As regards the former, however, I see no escape from the 
conclusion, that, if it were exclusively true, the earth ought to be 
receiving, as was pointed out by the late Professor Peirce, as much 
heat from meteors as from the sun. This would require the fall of a 
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quantity of meteoric matter, — more than sixty millions times a& 
much as the best estimates make our present supply, and such as 
could not escape the most casual observation, since it would 
amount to more than a hundred and fifty^ tons a day on every 
square mile. 

As regards the theory of Siemens, the matter has been, of late, 

so thoroughly discussed, that we probably need spend no time 

upon it here. To say nothing as to the difficulties connected with 

the establishment of such a far-reaching vortex as it demands, 

nor of the fact that the temperature of the sun's surface appears 

to be above that of the dissociation point of carbon compounds, 

and hence above the highest heat of their combustion, it seems 

certainly demonstrated, that matter of the necessary density could 

not exist in interplanetary space without seriously affecting the 

planetary motions by its gravitating action as well as by its direct 

resistance ; nor could the stellar radiations reach us, as they do, 

through a medium capable of taking up and utilizing the rays of 

the sun in the way this theory supposes. 

And yet I imagine that there is a very general sympathy with 
the feeling that led to the proposal of the theory, — an uncom- 
fortable dissatisfaction with received theories, because they admit 
that the greater part of the sun's radiant energy is, speaking from 
a scientific point of view, simply wasted. Nothing like a millionth 
part of the sky, as seen from the sun, is occupied, so far as we 
can make out, by objects upon which its rays can fall ; the rest is 
vacancy. If the sun sends out rays in all directions alike, not one 
of them in a million finds a target, or accomplishes any useful work, 
• unless there is in space some medium to utilize the rays, or un- 
known worlds, of which we have no cognizance, beyond the stars. 
Now, for my own part, I am very little troubled by accusations 
of wastefulness against nature, or by demands for theories which 
will show what the human mind can recognize as '* use " for all en- 
ergy expended. Where I can perceive such use, I recognize it 

> In an article on astronomical collisions, published in the North-American JReview 
about a year ago, I wrongly stated the amount at fifty tons. There was some fatality 
connected with my calculations for that article. I gave the amount of heat due to the 
five hundred tons of meteoric matter, which is supposed to fall daily on the earth with 
an average velocity of flfteenmiles per second, as fifty-three calories annually per square 
metre,— a quantity two thousand times too great. Probably the error would have been 
noticed if even the number given had not been so small, compared with the solar heat, 
as fully to justify my argument, which is only strengthened by the correction. I owe 
the correction to Professor LeConte of California, who called my attention to the error 
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with reverence and gratitude, I hope ; but the failure to recognize 
it in other cases creates in my mind no presumption against the 
wisdom of nature, or against the correctness of an hypothesis 
otherwise satisfactory. It merely suggests human limitations and 
ignorance. How can one without sight understand what a tele- 
scope is good for? 

At the same time, perhaps we assume with a little too much con- 
fidence, that, in free space, radiation does take place equally in all 
directions. Of course, if the received views as to the nature and 
conduct of the hypothetical " ether" are correct, there is no possi- 
bility of questioning the assumption ; but, as Sir John Herschel and 
others have pointed out, the properties which must be ascribed to 
this *' ether, " to fit it for its various functions, are so surprising 
and almost inconceivable, that one may be pardoned for some 
reserve in accepting it as a finality. At any rate, as a fact, the 
question is continually started (the idea has been brought out re- 
peatedly, in some cases bj'^ men of recognized scientific and phil- 
osophic attainment), whether the constitution of things may not 
be such that radiation and transfer of energy can take place only 
between ponderable masses ; and that, too, without the expendi- 
ture of energy upon the transmitting-agent (if such exist) along 
the line of transmission, even in transitu. If this were the case, 
then, the sun would send out its energy only to planets and me- 
teors and sister-stars, wasting none in empty space ; and so its 
loss of heat would be enormously diminished, and the time-scale 
of the life of the planetary system would be correspondingly ex- 
tended . So far as I know, no one has ever yet been able to indi- 
cate any kind of medium or mechanism by which vibrations, such 
as we know to constitute the radiant energy of light and heat, can 
be transmitted at all from sun to planet under such restrictions, 
and it is very diflScult to see how any such limited transmission, 
confined to the lines of gravitational force, could be reconciled with 
the law of inverse squares. That this law of radiation actually 
holds in interplanetary space is of course demonstrated by the fact 
that the calculated brightness'of a planet, at different places in its 
orbit and varying distances from the earth, agrees with the result 
of photometric observation. Still one ought not to be too posi- 
tive in assertions as to the real condition and occupancy of so- 
called vacant space. The " ether" is a good working hypothesis, 
but hardly more as yet. 



Digitized by 



Google 



PRESIDENT C. A. YOUNG. 23 

I need not add, that a most interesting and as yet inaccessible 
problem, connected with the preceding, is that of the mechanism 
of gravitation, and, indeed, of all forces that seem to act at a dis- 
tance : as for that matter, in the last analysis, all forces do. If 
there really be an " ether, " then it would seem that somehow all 
attractions and repulsions of ponderable matter must be due to its 
action. Challis's investigations and conclusions as to the effect of 
hydrodynamic actions in such a medium do not seem to have com- 
manded general acceptance ; and the field still lies open for one 
who will show how gravitation and other forces can be correlated 
with each other through the ether. 

Meteors and the comets, seeming to belong neither to the solar 
system nor to the stellar universe, present a crowd of problems as 
dijQScult as they are interesting. Much has undoubtedly been 
gained during the last few decades, but in some respects that 
which has been learned has only deepened the mystery. 

The problem of the origin of comets has been supposed to be 
solved to a certain extent by the researches of Schiaparelli, Heis, 
Professor Newton, and others, who consider them to be strangers 
coming in from outer space, sometimes " captured " by planets, 
and forced into elliptic orbits, so as to become periodic in their 
motion. Certainly this theory has strong supports and great au- 
thority, and probably it meets the conditions better than any other 
yet proposed. But the objections are really great, if not insuper- 
able, — the fact that we have so few, if any, comets moving in 
hyperbolic orbits, as comets met by the sun would be expected to 
move ; that there seems to be so little relation between the direction 
of the ihajor axes of cometary orbits, and the direction of the solar 
motion in space ; and especially the fact, pointed out and insisted 
upon by Mr. Proctor in a recent article, that the alteration of a 
comet's natural parabolic orbit to the observed elliptic one, by 
planetary action, implies a reduction of the comet's velocity greater 
than can be reasonably explained. If, for instance, Brorsen's comet 
(which has a mean distance from the sun a little more than three 
times that of the earth) was really once a parabolic comet, and 
was diverted into its present path by the attraction of Jupiter, as 
generally admitted, it must have had its velocity reduced from 
about eleven miles a second to five. Now, it is very difficult, if 
not out of the question, to imagine any possible configuration of 
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the two bodies and their orbits which could resnlt in so great a 
change. While I am by no means prepared to indorse as eoncla- 
sive all the reasoning in the article referred to, and should be werj 
far from ready to accept the author^s alternative theory (that the 
periodic comets haye been ejected from the planets, and so are not 
their captires, bnt their children), I still feel that the difficulty 
nrged against the received theory is very real, and. not to be 
evaded, though it may possibly be overcome by fntnre research. 

Still more problematical is the constitution of these strange ob- 
jects of such enormous volume and inconceivable tenuity, self- 
luminous and transparent, yet reflecting light, the seat of forces 
and phenomena unparalleled in all our other experience. Hardly a 
topic relating to their appearance and behavior can be named 
which does not contain an unsolved problem. The varying inten- 
sity, polarization, and spectroscopic character of their light ; the 
configurations of the nucleus and its surrounding nebulosity ; and 
especially the phenomena of jets, envelopes, and tail, — all demand 
careful observation and thorough discussion. 

I think it may be regarded as certain, that the explanation of 
these phenomena when finally reached, if that time ever come, 
will carry with it, and be based upon, an enormous increase in our 
knowledge as to the condition, contents, and temperature of inter- 
planetary space, and the behavior of matter when reduced to the 
lowest terms of density and temperature. 

Time forbids any adequate discussion of the numerous problems 
of stellar astronomy. Our work, in its very nature incessant and 
interminable, consists, of course, in the continual observation and 
cataloguing of the places of the stars, with ever-increasing*precis- 
ion. These star-places form the scaffold and framework of all 
other astronomical investigations involving the motions of the 
heavenly bodies ; they are the reference-points and bench-marks of 
the universe. Ultimately, too, the comparison of catalogues of 
different dates will reveal the paths and motions of all the mem- 
bers of the starry host, and bring out the great orbit of the sun 
and his attendant planets. 

Meanwhile, micrometric observations are in order upon the in- 
dividual stars in different clusters, to ascertain the motions which 
occur in such a case ; and the mathematician is called upon again 
to solve the problem of such movement. 
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Now, too, since the recent work of Gill and Elkin in South 
Africa, and of Struve, Hall, and others, elsewhere, upon stellar 
parallax, new hopes arise that we may soon come to some wider 
knowledge of the 8ub||ect ; that, instead of a do*zen or so parallaxes 
of doubtful precision, we may get a hundred or more relating to 
stars of widely different brightness and motion, and so be enabled 
to reach some trustworthy generalizations as to the constitution 
and dimensions of the stellar universe, and the actual rates of stel« 
lar and solar motion in space. 

Most interesting, also, are the studies now so vigorously prose- 
cuted by Professor Pickering in this country, and many others else- 
where, upon the brightness of the stars, and the continual variations 
in this brightness. Since 1875, stellar photometry has become 
almost a new science. 

Then, there are more than a myriad of double and multiple stars to 
watch, and their orbits to be determined ; and the nebulae claim 
keen attention, since some of them appear to be changing in form 
and brightness, and are likely to reveal to us some wonderful 
secrets in the embryology of worlds. 

Each star also presents a subject for spectroscopic study ; for 
although, for the most part, the stars may be grouped into a very 
few classes from the spectroscopic point of view, yet, in detail, the 
spectra of objects belonging to the same group differ considerably 
and significantly, almost as much as human faces do. 

For such investigations, new instruments are needed, of unex- 
ampled powers and accuracy, some for angular measurement, some 
for mere power of seeing. Photography comes continually more 
and more to the front ; and the idea sometimes suggests itself, 
that by and by the human eye will hardly be trusted any longer 
for observations of precision, but will be superseded by an honest, 
unprejudiced, and unimaginative plate and camera. The time is 
not 3'et, however, most certainly. Indeed, it can never come at all, 
as relates to certain obsei-vations ; since the human eye and mind 
together integrate, so to speak, the impressions of many separate 
and selected moments into one general view, while the camera can 
only give a brutal copy of an unselected state of things, with all 
its atmospheric and other imperfections. 

New methods are also needed, I think (they are unquestionably 
possible), for freeing time-observations from the errors of personal 
equation ; and increased precision is demanded, and is being pro- 
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gressively attained, in the prevention, or elimination, of instru- 
mental errors, due to differences of temperature, to mechanical 
strains, and to inaccuracies of construction. Astronomers are 
now coming to the mvestigation of quantities so minute, that they 
would be completely masked by en'ors of observation that formerly 
were usual and tolerable. The science has reached a stage, where, 
as was indicated at the beginning of this address, it has to con- 
front and deal with the possible unsteadiness of the earth's rota- 
tion, and the instability of its axis. The astronomer has now to 
reverse the old maxim of the courts ; for him, and most emphati- 
cally at present, de minimis curat lex. Residuals and minute dis- 
crepancies are the seeds of future knowledge, and the very 
foundations of new laws. 

And now, in closing this hurried and' inadequate, but I fear 
rather tedious, review of the chief problems that are at present 
occupying the astronomer, what answer can we give to him who 
insists, Cui bono? and requires a reason for the enthusiasm that 
makes the votaries of our science so ardent and tireless in its pur- 
suit ? Evidently very few of the questions which have been pre- 
sented -have much to do directly with the material welfare of the 
human race. It may possibly turn out, perhaps, that the investi- 
gation of the solar radiation, and the behavior of sun-spots, may 
lead to some better understanding of terrestrial meteorology, and 
so aid agricultural operations and navigation. I do not say it 
will be so, — in fact, I hardly expect it, — but I am not sure it will 
not. Possibly, too, some few other astronomical investigations 
may facilitate the determination of latitudes and longitudes, and so 
help exploration and commerce ; but, with a few exceptions, it 
must be admitted that modern astronomical investigations have 
not the slightest commercial value. 

Now, 1 am not one of those who despise a scientific truth or 
principle because it admits of an available application to the affairs 
of what is called "practical life," and so is worth something to the 
community in dollars and cents: its commercial value is — just 
what it is — to be accepted gratefully. 

Indirectly, however, almost all scientific truth has real commer- 
cial value, because " knowledge is power, " and because (I quote 
it not irreverently) " the truth shall make you free, " — any truth, 
and to some extent ; that is to say, the intelligent and intellectu- 
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ally cultivated will generally obtain a more comfortable livelihood, 
and do it more easily, than the stupid and the ignorant. Intelli- 
gence and brains are most powerful allies of strength and hands in 
the struggle for existence ; and so, on purely economical grounds, 
all kinds of science are worthy of cultivation. 

But I should be ashamed to rest on this lower ground : the 
highest value of scientific truth is not economic, but different and 
more noble ; and, to a certain and great degree, its truest worth is 
more as an object of pursuit than of possession. The " practical 
life " — the eating and the drinking, the clotljing and the sheltering 
— comes ^rs^, of course, and is the necessary foundation of any 
thing higher ; but it is not the whole or the best or the most of life. 
Apart from all spiritual and religious considerations (which lie one 
side of our relations in this association), there can be no need, 
before this audience, to plead the higher rank of the intellectual, 
aesthetic, and moral life above the material, or to argue that the 
pabulum of the mind is worth as much as food for the body. Now, 
it is unquestionable, that, in the investigation and discovery of the 
secrets and mysteries of the heavens, the human intellect finds 
most invigorating exercise, and most nourishing and growth-ma- 
king aliment. No other scientific facts and conceptions are more 
effective in producing a modest, sober, truthful, and ennobling 
estimate of man's just place in nature, both of his puny insignif- 
icance, regarded as a physical object, and his towering spirit, in 
some sense comprehending the universe itself, and so akin to the 
divine. 

A nation oppressed by poverty, and near to starving, needs 
first, most certainly, the trades and occupations that will feed and 
clothe it. When bodily comfort has been achieved, then higher 
needs and wants appear ; and then science, for truth's own sake, 
comes to be loved and honored along with poetry and art, leading 
men into a larger, higher, and nobler life. 
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Second report of the committee on standards of stellar 
magnitudes. 

The first report of this Committee (Proc. Amer, Assoc, XXX^ 
p. 1) included a plan for the determination of standards for stars 
fainter than the tenth magnitude. Twenty-four bright equatorial 
stars were chosen and the standards were to be selected from the 
regions following them from two to six minutes of time and not 
differing in declination from the leading stars by more than five 
minutes of arc. The observations described below have been made 
at the Harvard College Observatory unless otherwise stated. The 
light of each of the leading stars has been determined on from 
seven to eighteen nights with the meridian photometer. Charts 
have been constructed of all the stars visible with the fifteen 
inch telescope, in all but three of the regions from which the 
standards are to be selected. Most of these charts have been 
submitted to a careful scrutiny with the fifteen inch telescope 
of the Washburn Observatory. An important test of the com- 
pleteness of the charts is thus afforded. 

In the following table three successive columns give the names of 
the twenty-four leading stars aud their approximate right ascen- 
sions and declinations for 1880. The next two columns give the 
number of nights on which they were observed with the meridian 
photometer, and the resulting magnitude. The details of these 
measures and a comparison with various other determinations of 
their light will be found in the Harv. Observ. A7inals, Vol. XIV. 
The last columns give the number of stars in each of the charts, 
and the corresponding number of stars contained in the same 
portions of the Durchmusterung. 

Stars suitable for standards must next be selected by the help of 
the charts. The light of these stars should then be measured in 
as many different ways as possible. The Committee will be much 
indebted for aid that may be rendered them in this portion of their 
work. The early publication of the charts now becomes a matter 
of importance, as it would permit their immediate use for various 
purposes. 
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BEPORTS OF COMMITTEES. 



NAME. 



y Fegasi 

e' Ceti 

a Fiscium 

a Ceti 

y Eridani 

a Tauri 

t Orionis 

y Geminomm... 
a Canis Minoris 

t Hydras 

a Leonis 

9 Leonis 

II VirginiB 

a Yirginis 

a Bootis 

/S Libi» 

a Ophiuchi 

i| Ophiachi 

1} Serpentis 

t Aqnilsd 

Aqiiiln 

^ Aqnaiii 

a Aquarii 

a Pegasi 



B.A. 

1880. 





1 

1 

2 

8 

4 

5 

6 

7 

8 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 

21 69.6 

22 58.8 



m. 

7.1 

18.0 
65.9 
66.0 
62.4 
29.0 
80.1 
30.8 
83.0 
40.4 
2.0 
7.9 
13.8 
18.9 
10.2 
10.5 
8.1 
3.5 
16.1 
19.4 
6.1 
25.2 



Deo. 
1880. 



11 
87 



+ 14* 81' 

— 8 48 
+ 2 
+ 8 

— 18 51 
+ 16 16 

— 1 17 
+ 16 80 
+ 5 82 
+ 6 
+ 13 
+ 16 

+ P 
-10 
+ 19 

— 8 

— 3 

— 16 

— 2 

+ a 

— 1 

— 6 

— 
+ 14 






Phot. 
Mag. 



8.04 
8.77 
8.90 
2.68 
8.06 
1.00 
1.76 
2.00 
0.46 
8.58 
1.42 
3.47 
4.06 
1.28 
0.08 
2.74 
2.77 
2.62 
8.36 
8.46 
3.89 
8.14 
8.16 
2.61 






49 
27 



80 
19 
42 

150 
96 
64 
39 
24 
23 
30 
25 
39 
48 

100 
7 

110 

52 
48 
20 



as 

•5 



Respectfully submitted, 
Edward C. Pickering, Cliairman. 
Lewis Boss. 
s. w. burnham. 
Asaph Hall. 
William Harkness. 
Edward S. Holden. 
Simon Newcomb. 
C. H. F. Peters. 
Ormond Stone. 
C. A. Young. 
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Report of the Committbe on Indexing Chemical Literature. 

The Committee on Indexing Chemical Literature appointed in 
1882 respectfully presents the following report of progress. 

We have the pleasure to announce that since our last Report the 
following Indexes have been published by their authors, the arrange- 
ment of material being uniform with that of those previously issued. 
Ozone, second index, by Prof. Albert R. Leeds. 
Peroxide of Hydrogen, second indca?, by Prof. A. R. Leeds. 
Speed of Chemical Reactions, by Prof. R. B. Warder. 
Starch Sugar, by Dr. E. J. Hallock. 

Besides these a valuable contribution to chemical bibliography 
has been independently published on a somewhat different plan, by 
Professor Albert B. Prescott and Mr. J. W. Baird. The full titles 
of the above will be found at the close of this Report. 

Two hundred and fifty copies of our Report for 1883 have been 
sent to chemists throughout the United States, the Smithsonian 
Institution having kindly attended to the distribution by mail with- 
out .expense to the Committee. This led to correspondence with 
several chemists who regarded the scheme of cooperative indexing 
favorably, and resulted in several offers of assistance. 

Professor Wm. Ripley Nichols offers an Index to the Literature 
of Carbon monoxide. 

Professor L. P. Kinnicutt offers an Index to the Literature of 
Meteorites. 

Dr. Henry Leffmann reports progress on his Index to the Liter- 
ature of Arsenic. 

Professor C. E. Monroe does likewise with reference to an Index 
to the Literature of Explosives. 

Professor A. B. Prescott and Mr. J. T. Craig offer an Index to 
the Literature of Phosphorus. 

Dr. H. Carrington Bolton has in preparation a second index 
to the Literature of Uranium. 

An offer was also received of an Index to an element already on 
the list of those published, but was withdrawn as soon as the 
author had his attention called to the existing publication. This 
circumstance shows forcibly the advantage of cooperation through 
this Committee. 
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We are pleased to announce that in consequence of our repre- 
sentations the Smithsonian Institution has consented to publish 
Indexes to Chemical Literature which shall be endorsed by this 
Committee. The Smithsonian places a limit to the number of 
pages which will be printed per annum, but the limit is a generous 
one. 

By thus securing the assistance of the Smithsonian Institution, 
chemists are assured of a reliable and authoritative channel of 
publication, together with a wide circulation, and the plan of 
cooperative indexing will undoubtedly receive a great stimulus. 

Finally, to extend more widely acquaintance with the existing 
Indexes, we append a complete list of those printed. A limited 
number of those published by the New York Academy of Sciences 
can be had by addressing the Chairman of the Publication Com- 
mittee of the Academy, Prof. D. S. Martin, 236 West 4th Street, 
New York City. 

Respectfully submitted, 

H. Carrington Bolton, Chairman. 
Ira Eemsen. 
F. W. Clarke. 
Albert R. Leeds. 
Alexis A. Julien. 
Sept. 4, 1884. 



List of Indexes to Chemical Literature. 

Uranium^ Index to the Literature of. By H. Carrington Bolton. 
Annals of the New York Lyceum of Natural History, Vol. 
IX, February, 1870. 15 pp. 8vo. 

Manganese^ Index to the Literature of ; 1596-1874. By H. Car- 
rington Bolton. Annals of the Lyceum of Natural History, 
New York, Vol. XI, November, 1875. 44 pp. 8vo. 

Titanium^ Index to the Literature of; 1783-1876. By Edw. J. 
Hallock. Annals of the N. Y. Academy of Sciences, Vol. 
I, Nos. 2 & 3, 1877. 22 pp. 8vo. 

Vanadium, Index to the Literature of. By G. Jewett Rockw^ell. 
Annals of the N. Y. Academy of Sciences, Vol. I, No. 5, 
1877. 13 pp. 8vo. 
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Ozonej Index to the Literature of; 1875-1879. By Albert R. 
Leeds. Annals of the N. Y. Academy of Sciences, Vol. I, No. 
12, 1880. 32 pp. 8vo. 

Peroxide of Hydrogen, The Literature of; 1818-1878. By Albert 
R. Leeds. Annals of the N. Y. Academy of Sciences, Vol I, 
No. 13, 1880. 11 pp. 8vo. 

Electrolysis, Index to the Literature of; 1784-1880. By W. Wal- 
ter Webb. Annals of N. Y. Academy of Sciences, Vol. II, 
No. 10, 1882. 40 pp. 8vo. 

Speed of Chemical Reactions, Literature of. By Robert B. War- 
der. Proceedings of the Am. Assoc. Adv. Science, Vol. 32, 
1883. 3 pp. 8vo. 

Starch-Sugar, Bibliography of. By Edw. J. Hallock. Appendix 
E to Report on Glucose prepared by the Natural Academy of 
Sciences in response to a request made by the Commissioner 
of Internal Revenue. U. S. Internal Revenue, Washington, 
D. C, 1884. 44 pp. 8vo. 

Ozone, Index to the Literature of (1879-1883) ; accompanied by 
an Historical-Critical Resum6 of the Progress of Discovery 
since 1879. By Albert R. Leeds. Annals N. Y. Academy of 
Sciences, Vol. Ill, p. 137, 1884. 16 pp. 8vo. 

Peroxide of Hydrogen, Index to the Literature of; 1879-1883. 
By Albert R. Leeds. Annals N. Y. Academy of Sciences, 
Vol. Ill, p. 153, 1884. 3 pp. 8vo. 
Bictionary of the Action of Heat upon Certain Metallic Salts, in- 
cluding an Index to the principal Literature upon the Sub- 
ject. Compiled and arranged by J. W. Baird, contributed 
by A. B. Prescott. New York, 1884. 70 pp., 8vo. 
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ADDRESS 

BT 

PROFESSOR HENRY T. EDDY, 

VICE PRESIDBNT, SECTION A. 



COLLEGE MATHEMATICS. 



In a survey of the general interests for the advancement of 
which this section of Mathematics and Astronomy has now met, 
it has seemed to me that there is one subject in the consideration 
of which you all must have a vital interest. And as this is also 
a subject of daily professional interest to myself, and closely con- 
cerns the future welfare of this association, as well as the progress 
of science in our land, I may be pardoned for pressing it upon 
your attention and stating, so far as I may be able, the truth as 
it appears to me. The subject I refer to is the present state of 
mathematical training in our colleges ; its aims, its needs, and its 
relations to education and to scientific research. I am the more 
willing to speak upon this subject because I feel that my opportu- 
nities for experience, though they perhaps have not been of so 
great duration as others have enjoyed, have, nevertheless, been 
vai'ied, and of such a kind as possibly to be useful in awakening 
thought and in bringing to light the experience of others upon this 
important part of our college study, a part, T may sa}', which has 
been almost completely overlooked in the earnest controversy 
which has arisen during the past year, respecting the attitude of 
our colleges toward the various branches of learning, ancient and 
modern, embraced in their curricula. 

As the thoughts I have to present are based largely on personal 
experience, I may be pardoned for saying that this experience 
commenced twenty-one years ago on entering the freshman class 
at Yale College, and after graduation it was continued as a student 
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in the Sheffield Scientific School. Since then it has been my lot 
to be constantly engaged in teaching pure and applied mathemat- 
ics : at first in a southern university, then four years at Cornell, 
one year at Princeton, and now for ten years in the University of 
Cincinnati, one of the youngest of our western colleges. It will 
be seen from this enumeration that my experience has been dis- 
tributed between classical institutions on the one hand, and sci- 
entific on the other, in such a way as would naturally make my 
prepossessions lie in favor of the established regime of our classi- 
cal colleges. If my maturer convictions have led me to criticise 
their method and spirit, it is not from any preconceived animosity 
to them, but out of a sincere desire that they maybe brought to oc- 
cupy a position in our educational life which shall command the 
undivided support of the cultivated and best informed portion of 
the community. 

One of the most unexpected revelations which this experience 
has made to me is that mathematical study in college is not nec- 
essarily drudgery. 

I think I do not state the matter too strongly when I say that 
during the years in which I was an undergraduate, mathematical 
study was regarded with deep-seated aversion by the average stu- 
dent, an aversion not capable of adequate expression in any or- 
dinary way. The burial of Euclid and the cremation of analytics 
were a mere joke ; but the inward disgust and hatred of mathemat- 
ics which existed in the minds of the students of my day left an 
impression not to be effaced in a lifetime. Now what was the 
cause of such pronounced hostility ? The answer is not far to 
seek. The study was not interesting, and it was not well under- 
stood. These are two reasons which stand in the closest possible 
connection with each other. We might say, either that the study 
failed of being understood because it was uninteresting, or that 
it awakened no interest because it was not well understood. Both 
these statements were true. I have found the same state of affairs 
in every classical college respecting which I have had any intimate 
knowledge from that day to this. In them it is an article of faith 
firmly held, and oft expressed by the undergraduate, that higher 
mathematics is a study which can be thoroughly mastered only by 
exceptional geniuses, of which each college class possesses of course 
one or more brilliant specimens ; and as to .obtaining some reason- 
able understanding of the study, it is thought to be barely possi- 
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ble that ten per cent of the undergraduate world could do so by 
dint of severe application (such as no one is called on to make), 
were it worth the effort. For the large majority, however, such 
attainment is thought to be as impossible as for them to fly, since 
they are regarded as being wholly wanting in the organs necessary 
to the accomplishment of that feat. In this statement I am quite 
sure I have not misinterpreted undergraduate sentiment in those 
established and time-honored seats of classical learning which still 
hold, in effect, to a fixed curriculum that prescribes a certain 
amonnt of Latin, Greek and mathematics as requisite to the de- 
gree of bachelor of arts. The foundation for such a belief as this 
lies in the fact, patent to the eyes of all, that very few do really 
become in any true sense masters of the mathematical subjects 
which they study, or indeed have suflSicient practice in the applica- 
tion of the principles they attempt to learn, to be capable of 
judging whether they have been so mastered as to accomplish the 
ends which should be sought in mathematical training. One very 
bad feature in this state of things is, that this sentiment respecting 
mathematical study is not confined to undergraduates, but is 
largely shared, not only by the general faculties of these institu- 
tions, but by the instructors and professors of mathematics 
as well, many of whom have been convinced by the facts just 
stated that nothing better is to be expected. They have come to 
regard mathematical study (in common with the rest of the col- 
lege world), as an indispeniAble part of the scholastic discipline 
which ought in their estimation to be administered in proper 
amount to the undergraduate ; but that mathematics should oc- 
cupy any place of honor in his intellectual equipment or be one 
of the tools and methods of work by which he shall reason respect- 
ing the facts of nature, and discover the truth in matters of scie^n- 
tific or practical importance, they do not believe possible. 

There are also various other reasons which have led mathemat- 
ical teachers to a low opinion of this study besides the ill success 
that has attended their efforts in introducing their pupils to 
the world of mathematical activity : a world which has not only 
engrossed the principal interest and energy of a large number 
of the acutest minds of the past, but to-day absorbs a larger 
proportion of talent than ever before. Among these reasons, 
it must be admitted that it has too often happened that they have 
not themselves become engrossed in these activities, nay, perhaps 
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not even interested in them. That we have in this country no 
large body of men whose life-work has been, day by day, directed 
in the line of mathematical investigation is evident to all. The 
paucity of important mathematical investigations emanating from 
this side of the Atlantic is proof of it. The cultivators of this 
science among us, and the authors of valuable papers, have been, I 
think, quite often found in positions other than that of college 
professor. All this goes to show that the mathematical scholar- 
ship of the teaching force in our colleges is not equal to that of 
countries where mathematical research in its higher walks is the 
legitimate outcome of university instruction. It seems almost 
superfluous to insist that healthy and sustained progress in any 
abstract science must spring up and be carried forward under the 
fostering influence of established seats of learning, and that it is 
useless to rely upon volunteer suppoi*t or upon instances of private 
devotion to these higher pursuits, which require the libraries and 
the atmosphere of university life in order to ensure continued 
growth. But even where the professorial chair is filled by an 
eager and brilliant mathematician, to whom his chosen study has 
all the witchery of an idolized pursuit, he often feels the hopeless- 
ness of initiating his pupils into this all-absorbing realm of thought 
in the few brief months at his disposal. This hopelessness be- 
comes settled despair when it encounters, as it usually does, a 
state of profound apathy in the mind of the student. 

Thus it has come to pass that, on# account of these and other 
causes to which I may refer later on, there has been during the 
last two generations a relative decadence in mathematical study- 
in the classical colleges of our country. I say a relative decadence 
not an actual decadence, because I mean to assert that in the 
gradual increase of the amount of study required for the degree of 
bachelor of arts during the last half century, and the consequent 
greater maturity of the recipients of that degree, the department 
of study which has been more largely concerned is that of the 
classics. Moreover, if the study of mathematics is necessarily as 
barren of good results with the great body of students, as I have 
described it to have been in the past, then it must be confessed by 
all who have the real interests of education at heart, that it has 
had all the time and attention it deserves in our college courses. 
I, for one, however, do not for an instant admit this to be the 
case. I am convinced that mathematics has been long and sadly 
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misused at the hands of its pretended cultivators — the classical 
colleges of this country. That this has been done ignorantly and 
in obedience to long-established educational usages makes it all 
the more imperative tliat we should make it our duty to see that 
so important a matter is rectified as soon as practicable. What 
the misuse of mathematical study of which I complain is, may per- 
haps be best apprehended from a statement of my own experience 
as an undergraduate. Entering college with the usual mathemati- 
cal outfit, acquired in a country academy in Massachusetts, I was 
for three years of my college course daily examined on an as- 
signed task in some mathematical text-book. It does not seem to 
me that my knowledge of mathematics was very materially in- 
creased during that time by this process. Certainly a good teacher 
could in three months* time, at the rate of one lesson per day, have 
taught me far more than I learned by the process to which I was 
subjected, and I have reason to believe that I was not an inapt 
nor an indolent student in this branch. This plain statement will, 
I think, render it clear what the difllculty was. The study was 
used simply as a form of mental discipline or intellectual gymnas- 
tics. The object sought was not to learn how to use this the most 
splendid instrument of intellectual research yet devised by the 
wit of man. Not at all ; far otherwise ; it was regarded only as 
an approved means for sharpening the faculties, for whetting the 
keenness of thought and intensifying mental concentration. Now 
all I have to say in regard to this is, that it did not do it ; it went 
wide of the mark ; and that too in face of the fact that I was a 
willing student of mathematics from an inherited love of the study. 
I have, since I left college, had some taste, as I believe, of the 
quickening power of mathematical thought, but I did not fall under 
its sway in college, nor did 1 even gain, what it might be thought 
quite possible to gain there, a facility in the algebraic and formal 
part of mathematical reasoning which would be of some permanent 
use. Of such training I had next to none. I do not think my 
case an exceptional one. t 

If this were the state of affairs in mathematics alone, it would 
be deplorable, but might be regarded as a necessary concomitant 
of the overmastering interest and influence of the study of Latin 
and Greek, which occupy a larger share of attention during the 
first half of the college course. But such is not the fact. The 
fact is that the habitual temper and attitude of college life is one 
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that tends to destroy ever}' trace of intellectual appreciation for 
the studies embraced in the curriculum, and the tendency is so 
strong that it pretty effectively accomplishes that result. The per- 
vading atmosphere in which the undergraduate exists and his daily 
environment are sucii that he can no more escape its deadly effects 
upon his intellectual life than he could a miasma or a malaria which 
comes from no one knows where. There is an underlying conscious- 
ness running through the whole scheme of education based upon 
classical study, that the objects of such study are not in themselves 
of vital importance to the student, but that their value is chiefly to 
be found in the reflex influence upon the person submitting to its 
discipline. Pretend to deceive ourselves as we may upon this point, 
the undergraduate feels this with every breath of his young life. By 
it he is led into habitual antagonism to his instructors, to his great 
detriment intellectually and morally. It carries a thousand evils 
in its train beside those which it is now our purpose to consider. 

Now while it is undeniable that all liberal study is valuable for 
culture of the mind, and it is unquestionable that knowledge is a 
valuable possession, and the acquirement of it worth the most 
serious effort of every thinking being ; yet it is still more indub- 
itable that the value of any study from a disciplinary and educa- 
tional point of view has a direct relation to the interest it awakens 
in the mind of the student. What zest is there in pursuits which 
awaken only inward disgust ; or how are the best powers of the 
mind to be called forth by subjects of feeble interest ? It is be3'ond 
contradiction that all of us have an appetite for mental food. The 
young man who goes to college is no exception to this remark, and 
the food he craves is of a high order too. I insist npon it that he 
should be supplied with a kind of intellectual pabulum suited both 
to his capacities and to his tastes. In order to do this it is es- 
sential that there be considerable freedom in college in the choice 
either of separate studies or courses of study, and that a fixed 
curriculum be no longer made compulsory. 

The day is gone by when it is possible usefully to prescribe a 
course of mental discipline solely out of regard to its supposed 
disciplinary value. That is a relic of mediaeval scholasticism. 
Our classical colleges are the strongholds of this scholasticism 
and there is need that we cry aloud and spare not, taking for our 
text the words : " the letter killeth, but the spirit maketh alive." 
The hollo wness and mockery of such a proposition respecting 
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learning can only be rightly compared to that of the atheist who 
insists upon the value of pra3'er merely for its good influence upon 
the spirit of the petitioner. This world has too many great inter- 
ests, too many living issues, even in mathematics, to permit the pall 
of such a piece of sham to darken the young life and wither the 
bloom of the intellectual hope of our land. I do not say this from a 
utilitarian point of view, nor do I for a moment take the position 
that classical study is in itself a delusion, nor that the ancient lan- 
guages and philological science are not most worthy and inspiring 
objects of study for those who really intend to know something of 
them, or for those whose tastes and capacities fit them for their 
pursuit. But i do distinctly aflSrm that taken in the ordinary way, 
as a course of discipline, their effect is evil and evil continually. 
As a lover of sound learning and good education, I wish to express 
the conviction with aH the emphasis I can, that not only is math- 
ematical progress stayed by its baleful and palsying influence, but 
that this demoniacal spirit of study for the sake of discipline, which 
possesses our colleges, must be cast out before they can rightly 
train either classical pr mathematical scholars, or stand where they 
should stand, in the forefront of higher culture in the liberal arts 
and sciences. 

But to turn now from these severe animadversions, which I am 
sorry to feel truth compels me to utter, to brighter and more en- 
couraging aspects of the question ; I should be justly blameworthy 
for using such language in criticism o( my time-honored alma mater 
and other foremost seats of classical culture were I not convinced 
not only of their truth but of the possibility of entirely removing 
most of the grounds for such criticism ; and this by the introduction 
of a spirit of study very different from the disciplinary spirit, a 
spirit which for the lack of a better name we may call the scientific 
spirit ; a spirit of sincere and earnest inquiry after knowledge. It 
is impossible for words of mine to convey to those who have not 
happened to live within the atmosphere of institutions pervaded by 
this spirit, any just conception of the mighty impulses and intel- 
lectual awakenings it calls forth in those young minds who bj*^ good 
fortune are educated under its influence. 

This spirit is not inimical to classical study. It is inimical to 
no branch of liberal learning. It is the benign alma mater of every 
worthy intellectual pursuit. We have in this land many institu- 
tions full of the high endeavor which it inspires. These are, too 
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many of them, technological schools, and schools devoted to the 
study of the sciences. Tlie reason is obvious ; since these are sub- 
jects of instruction which appeal to the interest of a large propor- 
tion of the students who attend, the effort of the teacher is to convey 
a real knowledge of the subjects taught, the manner of teaching 
being a secondary matter ; and further, these are not subjects 
which lend themselves readily to tlie disciplinary method. There 
is, however, apparently no reason why the spirit which so largely 
animates scientific study should be confined to that kind of study, 
for it is not the nature of the study which determines the spirit in 
which it shall be pursued. 

Mathematics is a case very much in point in this regard. I have 
already stated the position which it occupies where the disciplinary 
spirit prevails. I could wish now to give you some conception of 
the place of honor which I have found it to occupy in the esteem, 
and I may say affections, of students in institutions where a spirit 
of free inquiry prevails ; but I fear that I shall seem as one who 
out of an exuberant imagination unfolds a vision of Utopia. But 
where enthusiasm lights the torch marvels come to pass. The truth 
is, young men of spirit will not shirk hard work, if they are con- 
vinced that by it they can open up any fair field of knowledge 
which appears desirable. All I can say is, that under such influ- 
ences, I have seen students gain, during the first half of their college 
course, such familiarity with those branches of higher analysis 
which are the common groundwork of modern investigation in 
analytical mechanics and mathematical physics, as to have really 
open to them the literature of these subjects, and this not in iso- 
lated instances merely, but with class after class. 

I believe that it is the right of a student of the liberal arts in our 
colleges and universities to have such a training given him in his 
chosen pursuits as shall carry him to a point where the great gen- 
eralization of that branch lies open to his view, and where he shall 
be able intelligently to begin his work as an independent student 
in that department of knowledge, if not as one of the working 
force of investigators in that department, with some just compre- 
hension of its scopes and its processes. If this can be done in the 
case of mathematics there will, assuredly, be no diflaculty in other 
departments. It is popularly supposed, as before stated, that the 
number fitted by nature for mathematical study is small. Such, 
I have been convinced against my preconceived opinions, is not the 
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fact. It is a study as much sought after, and pursued as eagerly 
as any other branch of liberal study, provided only that the teach- 
ers thereof are themselves men who have a live interest in the sub- 
ject, are capable, patient and apt at giving instruction. 

This leads me to discuss somewhat more in detail the scope of 
mathematical instruction in college. 

The geometry of Euclid has long held a post of honor in the 
mathematics of the college course. The cause for this is easily 
seen. It is a subject which lends itself more readily than any 
other branch of mathematics to the form of discipline in vogue. 
What worlds of cruelty have been perpetrated in the name of math- 
ematical drill in teaching Euclid I- It is a study which ought not 
to be in the college course at all, but should be finished in the pre- 
paratory schools. The important mathematical truths arrived at 
by Euclid's methods are not very numerous, and it is not for their 
sake that the study is so insisted on by disciplinarians. It is insisted 
on for far other purposes, and with designs very foreign to that of 
arriving at the clearest and largest knowledge by the easiest and 
most direct processes. A moderate amount of drill in Euclid may 
be very necessary for the purpose of learning logic in a practical 
way, but let it be so understood and not sail under false colors. 
It certainly is a matter of vastly more importance, as a piece of 
mathematical training, to have the student of Euclid acquire the 
habit of discovering for himself the demonstration of new proposi- 
tions than that the study of Euclid should be made a huge memor- 
iter exercise as is usually done in college. It is one serious count 
in the indictment against study for the sake of discipline as its 
principal object, that the availability of a study for such a purpose 
has no necessary relation to its value as a part of human knowl- 
edge. By reason of this it has come to pass that the relative im- 
portance of Euclidian geometry as compared with other parts of 
mathematics has not been properly regarded in our college courses. 
Higher analysis is the method by which modern discoveries have 
been reached, based to be sure in many cases upon geometrical 
and mechanical ideas, but nevertheless having little in common 
with Euclid. 

It is greatly to be desired that the study of Euclid should be pre- 
ceded by exercises in practical geometry. Every instructor of 
geometry is aware how much those boys excel in this study who 
have had some practical experience in the use of carpenters' or 
mechanics' tools. The clear apprehension of geometrical rela- 
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tioQS, aside from the language describing them, is of the first 
importance and may be cultivated by any work which deals with 
such relations, be it carpentry, mechanism, or the use of draught- 
ing instruments, as in practical geometry. 

Several other mathematical subjects could well be covered before 
entering college. These are : the elementary parts of algebra, the 
numerical solution of plane triangles, the practical use of loga- 
rithmic tables, and the elementary ideas of analytical geometry. 
The field would then be cleared, so that the training in all those 
forms of analysis which are distinctively modern and which must 
needs be taught by men in sympathy with its methods, would fall 
within the years of the college course. It seems to be a mistake 
to pursue the study of algebra or analytical trigonometry very ex- 
tensively before entering college. 

The reason for this assignment of topics of mathematical study 
lies in the fact that the character of the instruction imparted in 
colleges should be very different from that given in the preparatory 
schools, and not merely a continuation of it as has been the case 
very largely up to the present time. The most successful school 
teachers are not necessarily very learned men. They need to 
stimulate the interest of boys, and to this end vivacity, tact in 
management, and force of character, are far more important qual- 
ifications than breadth or depth of knowledge. But in college 
nothing short of profound attainments will secure the professor 
the success the world has a right to expect of him. Objection may 
be made to the amount of mathematical preparation which it is 
here proposed to put into the schools. The amount, however, 
appears to be not unreasonable in view of the large requirements 
in Latin and Greek which have been gradually forced upon the 
schools without any corresponding advance in mathematics. 

But what ought the actual scope of mathematical instruction to 
be during the college course? The most diverse views maybe 
entertained upon this question, yet I think a substantial agreement 
can be attained upon points of principal importance. Doubtless 
the one point of more importance than any other is the present 
state of instruction in the infinitesimal calculus, including the 
theory of differential equations. It seems supei-fiuous for me to 
say, that, without the mastery of this calculus, any mathematical 
•culture of importance is hopeless, and that a knowledge of its 
methods, accompanied by facility in their employment, is abso- 
lutely essential to the understanding of the exact sciences. If any 
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single mathematical subject could be taken as a gauge of the suc- 
cess or lack of success in the higher mathematical instruction of 
our colleges, the calculus would, I think, furnish a more satisfactory 
test than any other. When, as often happens, our college grad- 
uates go abroad for post-graduate study in departments requiring 
previous mathematical training, what do they find their acquire- 
ments in this direction to amount to ? I think I may say that a 
large proportion of them find themselves almost hopelessly lacking 
in the essentials of such training and not at all fitted to make 
proper improvement of the advantages of which they have sought 
to avail themselves. Our young men are unequal to the mathe- 
matical studies which those of the same age but of European aca- 
demic training successfully carrj'. Now where does the diflSculty 
lie? Not in aijy inferior talent for these studies, as I have the 
best of reasons for believing, but from lack of opportunity for 
obtaining a comprehension of the infinitesimal calculus, in which 
they usually find themselves almost wholly wanting. If these 
picked students find themselves thus deficient, it goes without 
saying that the knowledge others have of this subject must be 
meagre indeed. Calculus is not omitted, I suppose, from the scheme 
of study of any classical college in this country, but it is hardly 
too much to say that so far as any real knowledge of it is concerned 
it might as well be omitted from the curriculum of nearly all of 
them. 

Several circumstances conspire to produce this state of things. 
On making an examination of a large number of catalogues con- 
taining the courses of study of such institutions, it is found that 
the text-books in use are of such very elementary and defective a 
character, that when the instruction is confined to what they con- 
tain, as it usually is, no suflSicient knowledge of the subject can be 
obtained from them. They are constructed on the plan of omitting 
almost everything which may present any special diflacultj'. Even 
where the text-book in use is a better one, the method of instruction 
is wi-bng. After making all due allowance for the difference in 
methods due to the personal peculiarities of teathers, the truth 
still remains that, in order to impart a knowledge of this or any 
other diflacult subject, it must be really taught. Now it has been 
in effect, assumed by those imbued with the disciplinary spirit 
that a knowledge of this subject could be conveyed to the student 
by daily recitation upon its principles and developments. I, for 
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one, am convinced that no explanation of its principles, however 
clearly made, and, I may add, however completely understood, will 
impart a practical knowledge of this most important method. It 
is as useless to attempt it, as to try to prepare an army for the 
battle field by a daily lecture, instead of a daily drill ; or by ex- 
plaining tactics instead of practising them. The one thing should 
be done, but the other must not be left undone. This, I think, 
touches the grand difficulty in our whole scheme of mathematical 
instruction. An attempt has been made to reverse the natural 
order of things in mathematical study in the same manner as has 
been done in that time-honored custom of trying to learn language 
by first studying its grammar. There is a natural method in the 
study of mathematics, just as truly as there is of language, and 
the employment of it is followed by results equally surprising in 
both cases. The important processes actually employed in cal- 
culus are not so very numerous nor are they especially diflacult to 
acquire. No real use, however, can be made of its methods until 
these are acquired. It must often happen that the full significailce 
of such processes is not apprehended until long after they are em- 
ployed with dexterity. Certain it is that such dexterity and famil- 
iarity conduce wonderfully to their correct comprehension. Such 
treatises as those of Todhunter, Williamson and Boole contain 
invaluable lists of selected exercises from which such dexterity 
can be obtained. The text of such works affords verj^ little diflS- 
culty even to students of moderate capacity provided they have 
acquired ready skill in the algebraic work. This ready skill is not 
a rare and difficult accomplishment at all : — no more so than is the 
ability to perform chemical analysis a rare gift. It simplj^ needs 
cultivation by some one who has such ready skill himself. But 
this kind of work is not in accord with the disciplinary spirit and 
can hardly flourish where that spirit prevails. 

How much the true spirit of mathematical instruction has been 
misconceived in classical colleges may be seen from an occurrence 
which was not, I am led to believe, of an unusual character. A 
gentleman of distinguished classical attainments and linguistic tal- 
ents, now a valued professor in that department, who had spent 
several years abroad perfecting himself in his specialty, on return- 
ing from Europe accepted the position of tutor at Yale. On as- 
suming the duties of that office what was his surprise and 
indignation at finding that the department of instruction to which 
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he was assigned was mathematics, and the subject algebra — a 
subject wholly foreign to his tastes and special requirements — 
one indeed which he had not touched since his freshman year. 
Evidently the only duty expected of. him was to hear recitations 
from a text-book, and give marks for such recitations. The daily 
marking system is perhaps the most characteristic and most per- 
nicious outward expression of the disciplinary spirit. How have 
the evils of that system been intensified in our larger and older 
colleges by the wholesale manner in which the work is done I The 
work of recitation and instruction can no doubt often be advanta- 
geously combined, but what is the probability that valuable in- 
struction will be communicated during the hour to which the 
exercise is confined when the number of students in the recitation 
room is thirty, forty or even more? Not more than fifteen or 
twenty can in one hour's time have separate personal contact with 
an instructor which is of practical value. What a perversion of 
the purposes of the noble endowments for higher education, to 
expend almost the entire energy of the teaching force of the manv 
institutions who adopt this system, in a daily effort to weigh with 
minutest accuracy the fidelity with which assigned tasks have 
been committed to memory — I am not willing to say understood I 
How sadly this fails to accomplish the worthiest ends of educa- 
tion ! So entirely has memoriter recitation gained control of the 
educational field in our colleges and so completely has it stifled 
free inquiry, that there is no opportunity for a student to ask a 
single question of his instructor. In my college days, a question 
from a student during recitation was unknown, and would have 
been regarded by the student world as overstepping the bounds of 
propriety. How little opportunity there was out of recitation for 
questions is evident when the size of the classes is considered. 

What other mathematical subjects should be included in the 
course of the liberal arts it is not my object at this time to attempt 
to decide. If we but once succeed in getting the instruction upon 
a healthy basis the question will decide itself in accordance with 
experience and the needs of science. The most diverse views may 
be entertained as to whether the college course can embrace 
analytical mechanics, or the theory of determinants (now so uni- 
versally used) or whether it can omit vector and quaternion anal- 
ysis. When I mention subjects so far out of the ordinary range of 
undergraduate study, I am aware that I shall be met with incre- 
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dulity as to its possibility. When, however, I find that in our 
small western college, graduating less than a dozen annually, we 
have now had for years volunteer classes pursuing all these and 
other subjects annually with success, I do not share in any incre- 
dulity as to its practicability or profitableness. 

In conclusion, I wish to call for reform in our mathematical teach- 
ing. I call for deliverance from the imprisonment it has suffered, 
for removal of the bands with which it has been bound. I call 
for the introduction of a spirit of free inquiry. Let not all mathe- 
matical teaching be run in one narrow mould. Let it not be so 
conducted that he who has neither taste for the study nor special 
knowledge of it, stands on an equal footing as a teacher with 
the man of real mathematical insight. Mathematics has been 
termed the science of necessary conclusions. It furnishes the in- 
dispensable groundwork for the study of exact science. It fills a 
wide field in the intellectual needs of any people of strong intel- 
lectual powers. It awakens the interest and stimulates the open 
ing mind as do few studies. One study of genuine interest, ore 
worthy and absorbing pursuit is sufficient to drive away lethargy 
and stump a manly, vigorous character upon a young man. We 
cannot afibrd to let this blade of Damascus rust in its scabbard. 
Now is a favorable time for revising our estimates of what can and 
ought to be done in this field. Higher mathematical culture has 
commenced a new and fruitful growth in this country in various 
places, but nowhere with more promise than at the Johns Hopkins 
University, at Baltimore, that wonderful new star in the galaxy of 
American Universities. To lofty ideals must be joined sound learn- 
ing, great patience, and an ambition never to rest until we occupy 
the foremost place in intellectual achievement. Many of our 
younger mathematicians have won golden opinions for their abili- 
ties and zeal in foreign universities. I think we ought to form an 
association of the mathematicians of this country for the purpose 
of concerted action in improving the mathematical training in our 
colleges, in which the fire ^nd enthusiasm of this young blood 
should be called upon to help on the cause. No learned body 
among us has a more vital interest in this question than the one 
I now have the honor of addressing. I the^-efore need make no 
apology for attempting, as I have done, to fix your attention upon 
those phases of it which have been suggested to me by my expe- 
rience. 
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Phenomena observed upon the solar surface from 1881 to 
1884. B3'' Rev. S. J. Perry, Stonyhurst College Observ- 
atory, Whalley, England. 

[AB8TBACT.] 

The principal subject contained in this communication was the 
classification of the faint evanescent markings that are always 
visible on the sun. The only observer who had previously made 
any serious study of these objects was E. L. Trouvelot whose re- 
searches at the Harvard College Observatory in 1875 were known 
to the author only through the few lines on the subject in Prof. 
Young's work on the sun. Trouvelot classed them all as *' veiled 
solar spots," but the author of this paper has thought it more ad- 
visable to divide them into three classes. 

Class 1. Ill-defined patches of a cold grayish tint, which, indi- 
vidually, never last for more than three minutes. They are scat- 
tered over the whole of the surface, and appear suddenly as 
irregular patches. The sudden appearance of many of these faint 
objects in the same locality and their rapid development, frequently 
give rise to a blurred appearance which has been so marked a 
feature in Dr. Janssen's magnificent solar photographs. 

Class 2. Other faint spots appear at first as small, dark and 
fairly defined dots, and after retaining this appearance for about 
two minutes, suddenly spread out and cannot, at this stage of their 
short existence, be distinguished from spots of the first class. 
These are also found in ever}' heliographic latitude and at all times, 
and never last more than a few minutes. 

Class 3. This last class of ill-defined spots approaches much 

nearer to the ordinary spots than those already mentioned. They 

have never been seen outside the spot zones and are generally in 

the immediate vicinity of spot groups, but they remain indistinct 

throughout their whole period of visibility. They last sometimes 

(61) 
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for a few hours but may be generally seen foi'two or three days. 
Their formation is apparently very rapid, but they disappear grad- 
ually. 

This classification of the faint solar spots was followed by some 
remarks on the spot maximum of 1882-3 ; on the position of faculse 
with, respect to spots, offering an explanation of the apparent lag- 
ging of faculse behind large spots ; on abnormal extensions of the 
penumbra ; on dark shadows seen in connection with faculse ; on 
the colors seen in spots ; and on the motion observed on several 
occasions when the moving body remained always projected on the 
solar disk from its first to its last appearance. 



Description of a model op a ruled cubic surface known as 
THE cylindroid. By Prof. I^obert S. Ball, Royal Astron- 
omer of Ireland, Dublin, Ireland. 

[ABSTRACT.] 

In a work on the "Theory of Screws" published in 1876^ I 
discussed the various kinematical and dynamical relations of the 
ruled cubic surface of the third degree which is defined by the 
equation. 

z (a;2-[-2/^) — 2mxyz=i 

This surface had been discovered by Pliicher and he had, the 
writer is informed, made a model of it to illustrate its application 
in the theory of the Linear Complex. It does not however ap- 
pear that Pliicher had ever contemplated the significance of this 
surface except in the region of pure geometry. The dynamical 
interest of the surface is however very great as will be understood 
from the following enumeration of a few of its properties. 
We first premise the following well-known theorems : 
(1) Any movement of a rigid body can be produced by a twist 
about a screw (meaning by a twist, a rotation around an axis and 
a translation parallel thereto and equal to the product of the 
rotation by the pitch of the screw). 

1 Dublin, Hodges Foster ft Co. 
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(2) Any system of forces acting on a rigid body can be expressed 
by a wrencb on a screw (meaning by a wrench, a force along an 
axis and a couple in a plane perpendicular thereto, the moment of 
the couple being the product of the force by the pitch of the 
screw). 

If three twists be so related that the body by the last twist is 
restored to the position whiqh it had before the first, then the 
three screws must lie on a cylindroid and their pitches will be 
given by the law, 

2) = c + m cos 2 ^ 

Where j9 is the pitch of any screw on the cylindroid and where c 
and m are constants and is given by writing the cylindroid in 
the form, 

C yz=ix tan 9 
\z=:m sin 20 

If three wrenches applied to a rigid body equilibrate, then the 
three screws must lie on a cylindroid and their pitches will be as 
just defined. 

It follows that the composition of twists or displacements of a 
rigid system and the composition of wrenches follow the same laws. 

This is the foundation of the Theory of Screws, which will be 
found fully developed in the work referred to. 

The model of the surface which has been figured in the frontis- 
piece of the "Theory of Screws" did not exhibit the nodal line 
which is one of the most interesting of the features in the geomet- 
rical theory. I therefore have recently availed myself of the 
mechanical skill of Mr. Howard Grubb to construct a model on an 
improved principle. This model is now submitted to the meeting. 

A brass cylinder was mounted on a dividing engine and holes 
were drilled into it in the calculated positions. Through each of 
these holes a silver wire was passed to the hole diametrically 
opposite. These wires intersected in the axis of the cylinder and 
a most beautiful and interesting model is the result. • The tangent 
cone to the surface from any point has three cuspidal edges. 
These are most beautifully shown and change with every varying 
aspect of the model. 
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On a gkometrical interpbbtation of the linear bilatesax 
QUATERNION EQUATION. By Irving Stringham, Frofessor of 
Mathematics, University of California, Berkeley, Cal. 

[▲BSTRACT.] 

Hamilton's solution of the equation aq -^ qUi ^ c (a, Oi and c 
being known constant quaternions) is 

q = (Ka • c -f c • «i) W + ^<hSa + aKay\ 
When Sa ^ — Saj and Ta ^ Taj, this expression for p becomes 
indeterminate, and the equation requires a different method of 
treatment. 

I first solve the equation 

Va'p-^-p' Vai = 0, or ap -f-jp Oi = 0.[_a^Va a^^z Fa^.] 
We have here successively 

S(a + a,)Vp=Oy 
"Fp = » (a — ai) 4- yVaai, 
that is p=:x(a — fli) -+- y Vaa^ + /Sjp, 

since by the condition of the first of these equations, Vp must lie 
in a plane perpendicular to (a+aj). If this expression for 
p be substituted in the equation ap-^-pui^ 0, the part involv- 
ing x{a — ai) will vanish and we shall have remaining 

(a-f ai)5p + y(a — fli) Vaa^= 0, 
from which the value of Sp is easily found. The completed ex- 
pression for p results in the form 

p=zx(a — ai)—ya(a — a{). 

Following an interpretation first suggested to me by Professor 
Klein, I define, in general, every quaternion to be a directed right 
line in space of four dimensions. Under this interpretation,^, 
being the sum of arbitrary multiples of two fixed straight lines, 
evidently generates a plane (of the ordinary kind) passing 
through the origin. 

In order to obtain the complete solution for a g 4" Q^i = c? ^® 
have only to find any value of q which will satisfy the equation, 
and add it as a constant to the expression above found for p. 
Without discussing here the methods of obtaining such a value of 
q — which would lead me into matters I cannot confine within the 
limits of this notice — *I merely write down one of these values, 
viz., ^a-^c, remarking that it represents geometrically the per- 
pendicular from the origin upon the plane whose equation is 
aq-\'qai^c. 
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The complete solution of this equation appears now in the form 
g = J a -^ C + OJ (a — fli) — y a (a — i), 
the geometrical signification of whicli is evident, viz., q generates 
a plaiie passing through the extremity of and perpendicular to 

The relations of such planes to each other in four dimensional 
space, their intersections, conditions of parallelism, perpendicu- 
larity, etc., T shall discuss at greater length on another occasion. 



On thk rotation of a rigid system in space of four dimen- 
sions. By Irving Stringham, Professor of Mathematics, 
University of California, Berkeley, Cal. 

[ABSTRACT.] 

I SHALL assume -the following theorem which may be easily 
proved ; viz. : q and qi may be so determined that any quaternion 
p may be transformed into any other quaternion pi, whose tensor 
is the same as that of p, by means of the operator q{ )gi""*, t. e., so 
that qpqr^=Pi^ The tensors of q and qi may, without loss of 
generality, be assumed to be unity. 

The object of this notice is to explain the geometrical significance 
of this operation, which may with propriety be called a rotation in 
four dimensional space, inasmuch asp, representing a straight line 
drawn from the origin to any point in the space, may, if the above 
theorem be true, be rotated into any other such line by means of 
the above operator. 

If q and qi be written in the forms 

g = A » = cos |- -f A sin I 

gi=^i'' = cos^ + ;iSin^ 

and the substitutions <p = -^^-i-^, <Pi = ~*^^ be made, the oper- 
ator under consideration will assume the form 

q{)qr' = X- X- ()X, - X,-, 
or q {) qr^=z8r{) rr"^ s^. 

It will in other words be resolved into two constituent operators 
r {) rc^i « ( ) «i 9 in which the special relations Sr =: Sri and 
Ss = Ssi exist. The geometrical interpretation is made by means 
of these two forms. 
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Taking them separately, I observe that rpvi"^ may be devel- 
oped in the form 

rprr^zrzp-j^riXp—pXj), 
and that if ^ be so chosen as to satisfy the equation Xp — p Ai= O^ 
no change in p takes place, so that no point in the plane whose 
equation has just been written is disturbed by the operation 
r ( ) rr'. 

But again, rp ri""^ may also be developed in the form 
rp Vi"^ =: r^p — r {Xp-^-p X^). 
If then p be so chosen as to satisfy the equation Xp -{- pX^ = O, 
we have 

rpri"^ = r^ p. 
But r^p also satisfies the above equation whenever p satisfies it, 
viz. : X r^p + r^p = r- (Xp -{- p Xj) = 0, and the tensor of r^p 
is the same as that ofp itself; p in this case, therefore, is merely 
displaced m the plane whose equation is Xp -{' pX^=z and its 
extremity moves upon the circumference of a circle. 

Now by writing p in the form 

p = {Vr.pi + p, Vn) -JriVr .p2 — Pi Fn), 
one which it is always possible to give any quaternion, it will 
be found that the operator r ( ) Vi"^ leaves the first parenthesis 
unchanged while the second is so changed as always to represent 
a line in the same plane, and its tensor evidently remains un- 
changed ; hence, if jp represent any straight line whatever in space 
of four dimensions, its extremity will always move upon the cir- 
cumference of a circle when operated upon by the symbol r ( ) n""^. 
The planes of these circles are in a certain sense parallel to each 
other and to the plane Xp -\- p X^=. 0. When the operator «( )«i 
is used instead of r( )r{'^, the effects upon the two parts of p 
within the parentheses are reversed. 

The consequence of this investigation may now be stated in the 
following theorem : 

Any arbitrary displacement of a rigid system in four-dimensional 
space about a fixed point may be completely represented by the oper- 
ator g () q{~ ^ and this motion can always be resolved into two factors 
of rotation about the two planes 

UVq-p+P' UVqi=0, UVq'p—p'UVqi=0. 

I remark in passing that the two planes in question enjoy a species 
of hyper-perpendicularity to each other, in that every straight line 
lying in the one is perpendicular to every straight line in the other. 
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Description op the Leander MoCormick Observatory of the 
UNivERSiTr OP Virginia. By Prof. Ormond Stone, Direc- 
tor of the McCormick Observatory, University of Virginia, 

[ABSTRACT.] 

The main building (Wilson Bros. & Co., of Philadelphia, archi- 
tects), consists of a circular position of brick surmounted by a 
hemispherical dome of 45 ft. diameter, fronted by a rectangular 
portion 20 ft. X 30 ft. used as a computing house. The dome 
was built by Warner & Swasey, of Cleveland, Ohio. The running 
gear differs from that of Grubb, mainly in having the systems of 
triple wheels connected together simply by a light rod, and each 
system guided by a horizontal wheel before and behind, running 
between the turned vertical edges of the tracks of the wall plate. 
The frame of the dome is of steel, covered with galvanized iron 
and lined with painted canvas. There are three openings. No. 1 
extends from the horizon to 40° altitude. No. 2 from 30° to 67°. 
No. 3 from 58° to 95°. Centre of No. 2 is opposite closure between 
Nos. 1 and 3. This system gives stability to the dome and gives 
opportunity for improved ventilation. The shutters are each 
double, the halves of each sliding by an ingenious parallel motion 
on horizontal tracks. 



On the fundamental formula of statistical mechanics, with 
applications to astronomy and thermodynamics. by prof. 
J. WiLLARD GiBBs of Yalc CoUegc, New Haven, Conn. 

[ABSTRACT.] 

Suppose that we have a great number of systems which consist 
of material points and are identical in character, but different in 
configuration and velocities, and in which the forces are de- 
termined by the configuration alone. Let the number of systems 
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in whioli the co5rdinates and velocities lie severally between the 
following limits, viz., between 

Xi and Xi 4- da^^ 

Vi and yi -f dyi, 

Zi and Zi + dzi^ 

x^ and a^ -{' cLcg, 
etc., 

Xi and Xi -j- da?i, 

yi and y^ + (fyi, 

2^1 and Zi -^ ds^i, 

0^ and a^ 4~ ^) 
etc., 
be denoted by 

L dxi dyi dzi dx^ etc. dxi dy^ dzi dx^ etc. 
The manner in which the quantity L varies with the time is given 
by the equation 

• • • • 

where ^ Xi^ y^, z^ ajj, etc., aJi,yi, z^^ o^, etc., are the independent 
variables, and the summation relates to all the coordinates. 

The object of the paper is to establish this proposition (which 
is not claimed as new, but which has hardly received the recogni- 
tion which it deserves) and to show its applications to astronomy 
and thermodynamics. 



LlITEAR FUNCTIONS OF POINTS, LINES AND PLANES. By Prof. E. 

W. Htdb, Cincinnati, Ohio. 

[abstract.] 
It is shown in this paper that, if p, L and P represent respec- 
tively a variable point, line and plane, and if ^ be the symbol of a 
linear function ; then fj9, f i, ^P*, have geometrical applications 
and uses, whose relation to trilinear, quadriplanar and tangential 
coordinates is analogous to that between Hamilton's geometrical 
development of <pp and ordinary Cartesian coordinates, the 
elegance and conciseness pf the processes being as great in the 
one case as in the other. 



Digitized by 



Google 



MATHEMATICS AND ASTROKOMT. 59 

Colors of the stars. By Prof. E. C. Pickering, Director of 
Harvard College Observatory, Cambridge, Mass. 

[ABSTRACT,] 

Observations of the colors of about four hundred of the 
brightest stars are now being made at the Harvard College Obser- 
vatory. The light is analyzed by a direct vision prism, and the 
intensity of rays of various wave-lengths is measured by a wedge 
of shade glass. 



On the colors op variable stars. By S. C. Chandler, Jr., Har- 
vard College Observatory, Cambridge, Mass. 

[abstract.] 

In this paper the author gives the results of an extensive series 
of observations upon the colors of telescopic variable stars, made 
by him with the 6 J inch Clacey equatorial at the Harvard College 
Observatory in 1883 and 1884, and also the inferences drawnfrom 
a discussion of them. 

The observations are of two kinds : First, estimates by the dec- 
imal scale method practised by Schmidt and others ; second, by a 
new method of the author's, by which the redness of a star's light 
is measured by the relative diminution of its brilliancy compared 
with that of a colorless star, as seen through colored glass shades. 

The discussion shows that the relation pointed out by the author 
several years ago, — and independently by Schmidt, — between 
the depth of color tint and the length of the periods of variable 
stars is strikingly confirmed by both series of observations here 
given and he regards the existence of this relation as thus demon- 
strated. This result may be considered as of the utmost impor- 
tance in its bearing on the theory of the causes of stellar varia- 
bility. 
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On thb Obtoikal Graduation of the Harvard College me- 
ridian CIRCLE in situ. By Prof. W. A. Rogers, Harvard 
College Observatory, and Geo. B. Clark, Cambridge, Mass. 

In the ordinary method of discussing the errors of graduation in 
a meridian circle, it is assumed that the graduated arc retains its 
original form throughout the revolution of the telescope. It is 
certain that this constancy of form is not maintained in the Har- 
vard College meridian circle and it is probable that in all instm- 
ments of this class, with the possible exception of the later 
instruments of Repsold, more or less irregular flexure of the circles 
occurs. In so far as the bending is symmetrically distributed, an 
elimination of the error thus produced is effected, but any change 
of form at unknown points in the arc of revolution will not only 
tend to vitiate any system of errors derived from observed measures 
of given subdivisions, but may actually introduce the very class of 
errors which it is the aim to eliminate. 

It is therefore a matter of supreme importance that some method 
of investigating the errors of a meridian circle shall be devised 
which does not depend upon unknown variations in the form of the 
circle whose errors are desired. This necessity is emphasized by 
the outstanding systematic differences which, at the present time, 
exist between the observations in declination made at the principal 
observatories of the world. The maximum amount of this differ- 
ence is about five times as great as tJie probable en^or of a single 
observation. That is, assuming, e. g.^ that the declination of a star 
at 20° south, as observed at Greenwich, is correct, the observation 
of the same star at Pulkowa may have an error at least five times 
as great as a skilful observer ought to make in a single observa- 
tion, on the supposition that his result is affected by accidental 
errors of observation only. It is doubtless true that the larger 
share of these outstanding differences is due to errors in the re- 
fraction tables employed for low altitudes, but a certain portion 
are certainly due to errors of graduation augmented by those errors 
of flexure and eccentricity of pivots which are not eliminated by 
the employment of four microscopes. Until each of these errors 
has been determined it is useless to attempt the determination of 
the errors of the refraction tables. In the present paper, an at- 
tempt has been made to refer the subdivisions of the graduated 
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circle to a constant unit which is independent of the subdivisions 
to be investigated. 

The success which has attended the use of the electro-magnet 
clamps in the dividing engine constructed for the writer at the 
Waltham watch factory, suggested the application of the same 
principle to the investigation of the errors of a meridian circle, and 
to the feasibility of the graduation of the circle in situ if this in- 
vestigation should be successful. In this engine, there is an arm 
which at one end moves between two stops, of which one is mova- 
ble, while the other end rests upon the cylindrical shoulder of the 
screw which is to receive equal increments of revolution. 

Two magnets are attached to this arm, the cores of which are 
fitted to the curvature of the index circle of the screw. A third 
magnet of similar construction is attached to the bed-plate of the 
machine, and independent of the arm. When the two upper mag- 
nets are in circuit, the arm becomes firmly attached to the index 
without the slightest disturbance of position, and the index is car- 
ried forward the required amount by moving the arms between the 
two stops. During the upward motion of the arm the lower mag- 
net holds the index while the two upper magnets are free, thus al- 
lowing the arm to make contact with the upper stop in preparation 
for the next downward stroke. 

It has been found from experiment that under similar conditions 
as many as 5,000 movements of the arm will in repeated trials give 
the same arc of revolution. It did not, therefore, seem too much 
to expect that the same method might be successfully applied to 
the movement of a meridian circle over equal arcs of revolution 
under exactly the conditions which prevail in actual work with this 
instrument. It was therefore determined to try the method with 
the meridian circle of Harvard College Observatory. Professor 
Pickering kindly authorized the expense of the construction of the 
necessaiy apparatus, which was designed by Mr. Geo. B. Clark, 
of the firm of Alvan Clark & Sons, and which was made under 
his superintendence. 

A ring having an outside face of two inches was made in two 
halves and securely fastened to the axis of the telescope. The 
magnet arm was made in such a manner that the only connection 
with the ring was made by the contact of the cores of the magnets 
at the periphery of the ring. A very heavy bed-plate of iron was 
securely clamped to the marble pier in such a manner that the edge 
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might be made perpendicular to the axis of rotation and at a dis* 
tance of about five feet from the centre of the axis. The stops are 
heavy plates of iron with projecting oval surfaces of tempered 
steel which move along this table, and which are held in position 
by heavy clamping screws. They are arranged for a movement of 
the telescope over arcs varying between 0° and 30**. With the aid 
of the graduated circle of the telescope it is found easy to set the 
stops quickly and accurately by tapping the stop-plates with a light 
hammer. It was found that a bichromate battery of six cells was 
sufficient to clamp the magnet-arm securelj' to the ring. 

It will be at once understood that unless the ring upon which 
the magnet-arm rests is truly circular, the arm will rise and fall 
with the revolution of the telescope, thus giving rise to periodic 
errors proportional in amount to the deviation of the periphery of 
the ring from a true circle. The test of this circular form was made 
by means of a microscope attached to the iron bed-plate with which 
the movement of the arm vertically was observed and measured, a 
graduated polished metal plate being clamped to the arm for this 
examination. It was found that during one-half of the revolution 
of the telescope very little motion of the arm could be detected, 
but that during the remaining half the maximum rise of the arm 
amounted to about ^^ mm. As was to be expected the chief part 
of the disturbance occurred at those points at which the magnets 
passed the junction of the two halves of the ring. 

It does not seem advisable to encumber this paper with the de- 
tails of the observations which were made with the ring in its 
original form. An attempt was made to compare the 30° di- 
visions of the graduated circle by a reference to the fixed distance 
between the stops, four microscopes being read for each contact, 
with the expectation that the eflTect of the error in the form of the 
ring could be measured by means of a microscope of high power 
which should measure directly the accumulated error of the arc of 
revolution at the contact points for each arc of 30°. It will be seen 
that this expectation was not realized for the summed series of er- 
rors of the 30° points of the circle. 

From seven sets of observations extending from July 3 to July 
15, the following relative errors were found, the polar point being 
taken for the origin. 
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Arc. 


Connections. 


Sum^d Series 


Arc. 


Con-ections. Sum'd Series 


o o 


/" 


11 


o o 


// 


11 


0—30 


+1.38 


+ 1.38 


180 — 210 


— 2.49 


+8.00 


30— 60 


4-2.83 


+ 4.21 


210 — 240 


— 1.42 


+6.58 


60— 90 


+2.92 


+ 7.13 


240 — 270 


— 2.90 


+3.68 


90 — 120 


+1.41 


+ 8.54 


270 — 300 


— 3.58 


+0.10 


120 — 150 


+1.73 


+10.27 


300 — 330 


+ 0.03 


+0.13 


160 — 180 


+0.22 


+10.49 


330 — 360 


+ 0.13 


+0.00 


The following are the accumulated errors i 


it contact points from 


measures 


with microscope: 










Corrections 


Correc- 




CoiTections 


Correc- 




in dtyision of 


tions in 




in division of 


tions in 


Micrometer Screw. Arc. 




Micrometer Screw. Arc. 


o o 
0—30 


.0 


+0.0 


o o 
180 — 210 


+17.6 


+1.6 


30— 60 


+ 1.6 


+0.1 


210 — 240 


+11.2 


+0.9 


60— 90 


+ 7.6 


+0.6 


240 — 270 


+ 4.6 


+0.4 


90 — 120 


+10.6 


+0.9 


270 — 300 


+ 0.0 


+0.0 


120 — 160 


+16.8 


+1.4 


300 — 830 


— 1.2 


—0.1 


150 — 180 


+18.8 


+1.2 


330 — 360 


+ 0.0 


+0.0 



It will be seen that the general form of the two summed series 
is the same, but they widely differ in the maximum value. It be- 
came at once obvious from this preliminary investigation that it 
would be necessary to grind the circle, upon which the magnet 
arm rests, to an exactly circular form. This was very successfully 
accomplished by Mr. Clark in the following way : A slide rest 
carrying an emery wheel was firmly mounted nearly opposite the 
axis of the instrument. The motion to the emery wheel was 
given by means of an old-fashioned spinning wheel. The operation 
of grinding was conducted as follows : 

One assistant turned the spinning-wheel, Mr. Clark managed 
the slide rest, which governed the movement of the emery wheel, 
while I, at one end, with the aid of an assistant stationed at the 
other end, gave to the telescope a nearly uniform motion in revo- 
lution. When the operation of grinding was completed, it was found 
that a complete revolution of the telescope could be made without 
the slightest trace of disturbance in the position of the magnet-arm 
under a microscope having twelve times the magnifying power of mi- 
croscopes attached to the telescope. 

Before proceeding to describe the new series of observations, it 
will be necessary to refer to the means employed to neutralize the 
momentum of the telescope produced by the shock of contact with 



Digitized by 



Google 



64 



8BCTION A. 



the stops. It was found that, on account of the disturbance pro- 
duced by contact made by a hand movement of the arm, there was 
a liability to a maximum error of about 3^'. This amount was sen- 
sibly reduced by inserting a piece of writing paper between the arm 
and the stop, and then completing the movement by withdrawing 
the paper. The next experiment was with an air-buffer attached 
to the stop-plates, with which the initial contact was made ; but it 
was found that the movement against the air-spring for the re- 
maining distance to the stop was not sufficiently uniform, although 
there was a decided improvement over results previously obtained. 
A water-buffer was then employed ; the water from a cylinder at- 
tached to the stop-plates being forced by a weight-pressure 
through a cylinder of small diameter. With this buffer as a mo- 
mentum arrester, it appears from a long series of observations for 
contact, that the probable error of a single contact is about 003^' 
or about one-tenth of the ordinary value for a single observation 
with four microscoiJes. 

Eight sets of comparisons of the 30° divisions of the circle have 
already been made with the improved apparatus, with the follow- 
ing results : 

CORRECTIONS. 



DATE. 


6—30 


SO- 60 


60—90 


96—160 126— 160 


156— 180 




n 


// 


II 


II 


II 


II 


July 28, 


+0.22 


+1.63 


+1.43 


—0.34 


+0.64 


+0.49 


" 29, 


+0.07 


+ 1.47 


+2.39 


—0.36 


--0.61 


—0.57 


" 30, 


—0.15 


+2.91 


+2.49 


+0.13 


+0.48 


—0.60 


** 31, 


—1.02 


+3.00 


+2.34 


—0,79 


—0.16 


—0.38 


Aug. 1, 


—1.88 


+2.03 


+1.35 


—0.84 


+0.60 


—0.35 


" 1, 


—0.19 


+0.97 


+0.96 


—0.94 


+0.45 


+0.59 


" 4, 


—1.16 


+0.61 


+0.37 


— I.IO 


+0.69 


—0.29 


** 4, 


—1.16 


+1.54 


+1.46 


—1.23 


+1.02 


—0.02 



DATB. 


180—210 


210—240 


246—270 


276—800 


306-330 


336—860 




// 


// 


II 


// 


II 


II 


July 28, 


—0.72 


+0.74 


—0.73 


—1.53 


—0.85 


—0.98 


" 29, 


—0.84 


+0.52 


—0.95 


—2.66 


+0.38 


—0.06 


" 30, 


—2.47 


+0.10 


—1.10 


—1.87 


+0.37 


—0.43 


** 31, 


—1.10 


+0.66 


—1.00 


—1.53 


+0.62 


—0.63 


Aug. 1, 


—0.63 


+1.43 


—0.50 


—1.72 


—0.19 


+0.21 


*• 1, 


—0.05 


+1.36 


—0.76 


—1.74 


—0.08 


+0.40 


" 4, 


—0.04 


+1.57 


—0.10 


—0.76 


+0.30 


—0.13 


«« 4, 


—0.42 


+1.06 


—0.28 


—1.90 


+0.07 


+0.26 
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Taking the means of the separate determinations of the 30"^ 
spaces we have : 





Correc- 


Sammed 




Correc- 


Summed 


Spaces. 


tions. 


Series. 


Spaces. 


tions. 


Series. 


0°— 30« 


-0.06" 


—0.60'' 


180° — 210« 


-0.78" 


+1.70" 


80 — 60 


+1.77 


+1.17 


210 —240 


+0.93 


+2.63 


60 — 90 


+1.60 


+2.77 


240 —270 


—0.68 


+1.95 


90 —120 


—0.68 


+2.09 


270 —800 


—1.70 


-fO.25 


120 —150 


+0.63 


+2.62 


300 —330 


—0.08 


+0.17 


160 —180 


—0.14 


+2.48 


330 —360 


—0.17 


+8.00 



It is the intention to continue the examination of the subdivi- 
sions of the circle throughout the coming year. The subdivision 
of the 30° spaces will be made by setting the stops for that num- 
ber of subdivisions, which can be safely made at one time without 
danger of the introduction of errors depending on the temperature. 
With two assistants, one to read the 4 microscopes, and one to 
record, the examination of the 30° divisions can be completed in 
about one hour and twenty minutes. 

If it shall be conclusively shown from an investigation of the 
present graduations of the circle that this method will give greater 
accuracy than former methods of investigation, it is the purpose 
to produce a new set of graduations just inside of the original 
graduations. 

In conclusion it may be said that an excellent test of the method 
will be had when the telescope is reversed and the errors of the 
other circle are determined. The errors of this circle have already 
been determined for each single degree by comparison with a grad- 
uated metal arc of 15° with which each 15° of the circle was com- 
pared. In the complete discussion which will follow, care will be 
taken to eliminate any systematic errors which may appertain to 
the form of the rlAg. 



The average asteroid orbit and the asteroid ring. By 
Prof. M. W. Harrington, University of Michigan, Ann 
Arbor, Mich. 

[ABSTRACT.] 

This paper treats the asteroid system on the principles of aver- 
ages ; 230 orbits are employed. If a plane be conceived perpen- 
dicular to the ecliptic and passing through the vernal and autumnal 
equinox, and another through the solstices, they will intersect each 
A. A. A. s., VOL. xxxm. 5 
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orbit at four points. The mean intersection at each solstice and 
equinox ma}' be considered a point in the average orbit. Solving 
for the orbit we get the following elements : 



n 


14" 39' 


Q 


118" 56' 


i 


1- (y 


e 


0.04i8 


a 


2.701 



The perihelion and nodes fall near those of Jupiter, a require- 
ment which was otherwise deduced by Professor Newcomb more 
than twenty years ago. Incidentally the investigation showed 
(by the progi*essive slowing of the change in the average mean 
distance) that we have penetrated about through the asteroid ring. 

The space occupied by the asteroid is annular and the section 
of the ring (by a radial plane) is elliptical, with the long axis di- 
rected toward the sun. The axes are about 2 and 1.5 in terms of 
the earth's mean distance from the sun. The part of this spade 
actually occupied by the asteroids at any one time is approximately 
represented by the Ari^tion j^^y^^ No grouping was recognized 
among the orbits. 

If the asteroids all reflect light alike, Vesta has a volume of 
about five-twelfths of all, and the first four (Juno, Ceres, Pallas 
and Vesta) make nearly two-thirds of the total volume. The 
albedo of Vesta is probably about that of the moon. If, as this 
indicates, the density of the asteroids is about that of the moon, 
their total mass will be only one twenty-seventh that of our sat- 
ellite. 



MiCROMETRIC OBSERVATIONS OF JuPITER's THIRD SATELLITE. By 

Prof. David P. Todd, Director of Lawrence Observatoiy, 

Amherst, Mass. 

[abstract.] 

The observations were made with the micrometer of the 12-inch 

equatorial of the Lick Observatory, Mount Hamilton, Cal. The 

value of one revolution of the screw of this micrometer is 14".086. 

1882, December 1, 18h., m. t. 

Power 300, 111 = 2".65. 

Power 1,000, III = 2".82. 

Distance of Jupiter from Earth = [0.6199]. 
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On the course of the corrections to the heliocentric lon- 
gitudes OP Newcomb's tables op Uranus and Neptune. 
By Prof. David P. Todd, Director of Lawrence Observatory, 

Amherst, Mass. 

« [ABSTRACT.] 

The latest observations of Neptune 'employed by Professor 
Newcomb in the construction of his tables of the motion of that 
planet were made in December of 1864; and in his tables of 
Uranus, the latest observations utilized were made in September 
of 1872. 

All the observations of right ascension of these two planets 
made since these dates, respectively, are in this paper collated 
and compared with the tables, and the equations of the errors so 
treated as to show the course of the corrections to the heliocentric 
longitudes (Newcomb) of both planets. 

Also, these data combined with the results reached in Copernicus^ 
Vol. Ill, pp. 236 and 238, give the corresponding corrections to 
the heliocentric longitudes (Leverrier) of both planets. 



On the general values of the obliquity of the ecliptic, and 
of the precession and inclination of the equator to the 

invariable PLANE, TAKING INTO ACCOUNT TERMS OF THE SECOND 

ORDER. By Prof. J. C. Adams, Cambridge Observatory, 
England. 

{AB8TBA0T.] 

If we adopt the values of the precession and nutation employed 
by Peters in his classical work, *' Numerus constans Nutationis," 
I find that the ratio of the sum of the masses of the earth and moo:^ 
to the mass of the moon is that of 82.834 to 1, a result which differs 
slightly from that found by Peters from the same data. 

The amount of precession caused by the sun's action depends in 
a slight degree on the eccentricity of the earth's orbit. In order 
to find the precession for an indefinite period, it will be proper to 
employ the mean value of the square of this eccentricity instead of 
the value of this quantity at the present time. 

Taking this circumstance into account and also introducing the 
small correction of the coefficient of precession which depends on 
the squai*e of the coefficient of nutation, I find that if w be the 
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obliquity of the ecliptic at any time, the rate of the luni-solar pre- 
cession at that time during a Julian year, will be represented by 

c cos u) 
where c = 54."94625 nearly. 
Now let ON'N be the fixed plane of reference which may be 




either the ecliptic at a given epoch or, still better, the invariable 
plane of the system, or any other arbitrary fixed plane. 

N'E the position of the ecliptic ) ^^ ^^^ ^.j^^ ^ 
and NE that of the equator ) 

so that the point E is the autumnal equinox at that time. 

ON = ^, ON' = ^', being a fixed point, d and 0' the incli- 
nation of the equator and ecliptic respectively to the fixed plane, 
and tti the angle N'EN^ or the obliquity of the ecliptic at time U 

AlBol^t NE = X. 
Then the quantities 

jp =z tan 0' sin ^' and q =z tan 0^ cos ^ 
are known in terms of t from the theory of the secular variations 
of the plane of the earth's orbit, and 0' may be considered as a 
small quantity of the 1st order, the square of which we propose to 
take into account. 

In the triangle N'EN we have 

cos (o =z cos cos 0' + sin sin 0' cos {<p — <p') 
sin tti cos A = sin ^ cos ^ — cos sin 0' cos (f> — f ') 
sin w sin A =z sin 0* sin (^ — <p') 
which give a» and X when and ^ are known. 

From the instantaneous motion of the equator with reference to 
the ecliptic at time t, supposed for an instant to be fixed, it is 
easily seen that we have 

dt — ^ aintf 



d9 



•^ = c cos (o sin at sin X 
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or, substituting from above for cos oi, sin at cos X and sin w sin X 

P08« g' 



^ — _ . ?2?L?!. [cos ^ + sin ^ tan 6* cos (^ — ^p')] [ain ^— cos ^ 



tan ^ cos (^ — ^')] 
11^ z= c cos^ ^' [cos ^ -|- sin ^ tan 0^ cos (^ — y>')] tan ^' sin (^ — y>0 
which are the diflPerential equations for determining 6 and f , ^' and 
9>' being supposed to be already known in terms of t. 
From the above we may deduce the following : 

The integration of these equations may be readily effected by 
the method of indeterminate coefficients. 
Suppose the values of p and q to be 

q = 2r^cos(g^t + fi;) 
where i takes the successive integral values 0, 1, 2, etc., equal in 
number to the number of planets considered, and the quantities 
y., g^ and fi. are known constants. 

Then we may find that 
e=zh + i tank S a^ (a, — 1) ^^ + ^ cot ^ J (a^ — ^) /-.^ 

+ ^<^i riCOs ^(k — g^)t + a —J^\ 

+ i;a,.(r,)2cos2 l(Jc-g^)t + a-fi^\ 

+ -^%r,r,.cos l{2k — g^-g.)t+(2a — fi^ — IS.)\ 

+ ^a'^r</>cos ^(g^ — gj)t + fi^ — ^.\ 

and 

ip-kt+a + 2b^riSm\{k — g^) t +a — ^^\ 

+ r6,,(r,)2 8in2 j(^_^,)« + a-y9,j 

+ r6^r,rj8in ^(2k — g^ — g.)t-\-(2a-fi^ — fi.)\ 

in which i and J are supposed to be different integers. 
Also 

^i = T^^i and therefore a, — 1 = J* 
«ii = — i a^ (a^^ — 1) tan h — ia^ cot h 
\ = -i 2k^l,^gj i K" + «/ - 2) tan h + (a; + a^ cot 7i j 
^'(f = * ^- iV- 2 a,-a/ + 2a.j tan 7. +1 ^ 
[a — a.] cot A 
Also 
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bi = — «< («J — 1) tan A — a^ cot A 

^u = i V («<— 1)' *«*n*^* + i «< (o,* + «i — 1) + i a,* cot « 

^«= -2*=^ <*(,■ tan A - ^ ^-^<-i,j [<* K - 

-I * [a. + a J cota h 

^«= — ^-V a^,tan A-(-^— *_[«, (a,— 1) 
+ a,(a^-l)]tanaA 

- i 7^ [«», -h «'i + «*ai - 6a, - 5<V + «] 
or the value of this last coefficient may be otherwise expressed thas 

+ [(a,- 1) + («i - 1)3 [(«,- 1) + («j - 1) - 1]{ 
Also the value of <a the obliquity of the ecliptic is thus expressed 
in terms of the same quantities 
w = h+Z{a^—\)r^^ j(* — y,) <-|- a — y9,( 

•2" [— i a+, (o< — 1)' tan a — i (o, — 1)2 cot A] r/ cos 2 

+ ^ j-i&-ir^-^K a»+,-2]tanft 

-^jti4^[«, a+,]cotA 

[* «+, («, - 1) -B «, («j - 1)] tan A 
H-[ia, + ia,-i]cotAj 
+r,r, cos i (2* — p, — fir,) < + 2a — ^, — ^^j 

-^ j * 7p^ [«», - «'^ - 2a, + 20,] tan A 

+ i -j^ [a, -a,] cot A - Ci «, («, - I) 
-fj a, (a, — 1)] tan A — [i a^ + i a^ — i] cot A 
+r,r, cos j {g^ — 9j)t + /S,— yS, ( 
Also the value of k in terms of the constant c which, as stated 
before, is known from the theory of precession is 

A = — c cos A 1 1 — Ji (a, — l)(3a, — 5) y,s{ 
A and a are the arbitrary constants which enter into the complete 
integrals of our equations, and they are to be determined so as to 
make the iuitial values of 6 and y>, or those of at and f> equal to 
the observed values. 
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It is to be remarked that one of the values of gr is and if the 
invariable plwie of the system be takeaas the fixed plane of ref- 
erence, the corresponding value of q will be also zero, so that the 
expression for .^, ^ and q» will be considerably simplified by this 
choice of the fixed plane. 

According to Stockwell's determination, in Vol. 18 of the Smith- 
sonian Contributions, the longitude of the ascending node of the 
invariable plane on the ecliptic of 1850 is 106** 16' 18", and the 
inclination to the same ecliptic is 1® 35' 18.9" 

Also, as already mentioned, if we make the invariable plane of 
the system our plane of reference, we have for ^^ = 0, /'« = 0, and 
the remaining values of g^ and those of log y^ which correspond to 
them, according to Stockwell's determination, will be the following : 

gi ~2."9161 -.25. "9350 —5. "21366 —6. "6683 —17. "6266 —18. "8365 — 0."66166 
log Y{ 7.20626 7.44481 8.01815 7.84525 . 7JS8889 8.41164 7.12320 

where the quantities g^ are expressed in seconds and have reference 
to a Julian year as the unit of time, and the quantities y^ are ex- 
pressed in the circular measure. 

Hence we may find, with reference to the invariable plane, for 
the epoch 1850 

= 23** 3' 42."7 
^ — ip' = 2br 20' 21. "5 
Now, in the figure before given, the point N' is the descending 
node of the invariable plane on the ecliptic of 1850, so that the 
longitude of -»r' is 286° 14' 118" 

Also the longitude of the point E which is the autumnal equinox, 
is 180°. Hence N'E = 253° 45' 54" 
Whence we may find for 1850 

e = 23° 3' 42. "7 
and <p — f'=i 257° 20' 21."5 

or SP = 183° 34' 39."5 

Also, according to Stockwell, the obliquity of the ecliptic in 
1850 was 

01 = 23° 27' 31."0 
Hence by repeated approximations we may find 
h = 23° 18' 54."0 nearly 
a = 177° 25' 42" „ 
also fc = — 50."4614 

whence by substitution all the terms in ^, f and m may be found 
numerically. 
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Note on Newton's theory of atmospheric refraction, and on 

HIS METHOD OF FINDING THE MOTION OF THE MOON's APOGEE. 

By Prof. J. C. Adams, Cambridge Observatory, England. 

[ABSTRACT.] 

Professor Adams exhibited photographs of some of the MSS. of 
Newton preserved in the collection lately presented to the Uni- 
versity of Cambridge by the Earl of Portsmouth. 

These papers show that Newton had thoroughly mastered the 
theory of atmospheric refraction and that he was acquainted with 
the true principles on which the motion of the moon's apogee should 
be found and that he had obtained a fair first approximation to 
the amount of that motion. 



The NEBULiE. By Lewis Swift, Director of the Warner Obsei'v- 
atory, Rochester, N. Y. 
For many years it has been the opinion of astronomers that the 
search for new nebulae, since it was abandoned b}^ the Herschels, has 
been greatly neglected. Entertaining this view myself also, I, as 
soon as the 16 in. refractor of the Warner Observatory was mounted, 
put the idea into practice, and since then, excepting the time de- 
voted to comet-seeking, have made their discovery and observation 
my special work. The success thus far attending the effort awak- 
ens the suspicion that the number of undiscovered nebulae is very 
great and perhaps equalling — it may be surpassing — those already 
known. Only telescopes of the largest aperture, equipped with 
eye-pieces especially adapted for the investigation, can work suc- 
cessfully in this interesting field, hence these bodies fail to arouse 
the popular enthusiasm that the double-stars, the sun, the moon 
etc., inspire, all of which can be observed with smaller instruments. 
In 1784, just one hundred years ago, the entire number of neb- 
ulae known was less than 150. Their numbers, at various epochs, 
were as follows ; in 1612 only the great nebula in Andromeda — 
the most conspicuous naked-eye nebula visible from our latitudes 
— had been observed. Forty-four years later, in 1656, another 
had been added, viz. : the great nebula in Orion, discovered by 
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that true son of genias, Huyghens. In 1614, Halley published a 
list of four new ones, among them being the celebrated cluster 
13 Messier in Hercules, which increased the number to six. As 
late as the yeav 1732, but 152 years ago, only sixteen more had 
been added. In 1755 Lacaille's discoveries at the Cape of Good 
Hope had swelled the list to sixty- four. In 1784 Messier published 
a catalogue of one hundred and three clusters and nebulae, giving 
their places with more or less accuracy. It appears, therefore, 
that, previous to the advent of Sir William Herschel, the entire 
number of both clusters and nebulae did not, as before stated, ex- 
ceed 150. In 1802, this mighty Nimrod of Astronomy who, while 
the world slept, hunted the sky over for the discovery of these won- 
derful objects, had issued catalogues of 2,500 which he had detect- 
ed with instruments of his own manufacture, larger and more 
powerful than any previously made or considered as ix)ssible. 
Since that time the united labors of Sir John Herschel, Dunlop, 
Lord Rosse, D'Arrest, Lassell, Tempel, Stephan and others have 
brought up to our knowledge, as visible from all latitudes — in- 
cluding the 150 which I have had the good fortune to find from the 
Warner Observatory — about 6,700 nebulse. 

The assigned limits of this paper forbid entering largely into the 
many questions which suggest themselves regarding the origin and 
design of these immense masses of matter strewn with such lavish 
abundance in some regions, and so sparsely scattered in others. 

The efforts of astronomers to solve this mystery, as well as those 
of distance from our system, their proper motion and their varia- 
tion in size, shape and brightness, have thus far proved futile, 
and have ended only in vague and contradictory conjectures. For 
obvious reasons this is, and for ages to come must be, true. These 
masses, some of them as shapeless as the nimbus clouds, and as 
indeterminate as wreaths of smoke, have no points of reference, 
from which to measure, as have the stars and the comets with nu- 
clei, nor sharp outlines of limb as have the sun, moon and the 
planets. 

For one and a half years past I have been engaged in nebulae 
work and I find the task of getting positions tp the desired de- 
gree of exactness a difficult one indeed. The plan adopted I 
am not sure is the best ; in fact I feel quite certain that with more 
experience I shall be able to improve my methods, though it must 
be conceded that the difficulties which beset me ai'e well nigh in- 
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surmountable. In the first place, nearly all the nebulae which baye 
escaped the eagle-eyed astronomers who have preceded me in this 
field must be excessively faint. In truth I find the large majority 
of them the faintest objects on which human vision has ever rested. 
If, after discovery, I turn my eye away from the telescope without 
having noted its configuration with stars in the field, I sometimes 
experience difiSculty in re-finding them although the pupil of the 
eye is still expanded. I work in a room absolutely dark except 
when reading the circles and making my recoixls. After extin- 
guishing the gas I am nebula-blind for two or three minutes involv- 
ing a considerable loss of precious time, as, during the whole year, 
there are but few nights suitable for this delicate work. The eye- 
piece generally used is a positive periscopic by Gundlach origin- 
ally made for my 4j-inch comet-seeker at the optical establishment 
of Bausch & Lomb, Rochester, N. Y. Finding it supenor to any 
other when used on the 16 in^ refractor, I had made for it an 
adapter, thereby causing it to do duty on both telescopes, it giv- 
ing on the great one a power of 132, and a diameter of field of 26 
minutes of arc. As no direct rays from the objective impinge on 
the field-lens, as is the case with a negative eye-piece, the field is 
dark and the faintest nebulse are rendered visible. (In my opinion 
no negative eye-piece yet made is well adapted to comet or nebula 
seeking.) In front of the field lens are inserted two cOarse hairs 
in the form of a cross, the intersection being exactly in the line of 
coUimation. With a little effort I can, without artificial illumina- 
tion, at all times see them, while at no time, save in the presence 
of moonlight, are they obtrusive. When a nebula is found, its centre 
is brought to the middle of the field, the driving-clock started, the 
telescope clamped in right ascension, the nebula bisected with the 
optical centre of the field in both co-ordinates, the electric sounder 
connected with the breakcircuit sidereal clock started, all without 
removing my eye from the telescope and without an assistant. 
After noting its size, shape, brightness, configuration with the stars 
in the field and, if excessively faint, the number of seconds (as 
counted from the sounder) it follows or precedes the nearest con- 
spicuous star, I descend from the chair^ read the circles and make 
the record both as to position and description. The pupil of my 
eye becomes greatly expanded in the dark, and the periscopic leyet 
piece is specially adapted for an expanded pupil, a fact of much 
significance to the comet-seeker, though seldom taken into consid"- 
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eration by the optician. The discovery of new nebalse and the 
finding of their approximate places are one thing, while the obtain- 
ing of positions with all the desired refinements of accuracy is an- 
other and very different matter. For the former work — their 
discovery — one set of appliances must answer, while for the latter 
another is necessary, and the two cannot be combined. When we 
consider the small amount in a year, of suitable weather for the find- 
ing of these exceedingly faint objects we shall see that but slow prog- 
ress will be made if the observer be compelled to exchange his comet 
eye-piece for the micrometer, and to lose much valuable time in re- 
finding the nebula, which probably could not be seen at all with it, 
selecting his comparison stars, getting its place and angle of posi- 
tion, finding the direction of its major axis, if elliptical, and deter- 
mining various other data. To accomplish this and to make his 
records would require his lamp to be several times lighted, which, 
on each occasion, would, for at least, two minutes, entirely oblit- 
erate the nebula, presumably of unimagined faintncss. And then 
how great would be his disappointment should he ascertain, as 
he probably would, that the nebula was already known. I see, 
therefore, no other course but to pursue the plan which I have 
adopted, viz. : to get as accurate positions as are attainable with 
the means used for their discovery, leaving to those who make a 
specialty of such work, td fix their places with such exactness that 
those who come after us may be able to determine whether they, 
like the stars, have not a proper motion. For aught we know the 
nebulae may be no farther distant than the stars, and, consequently, 
their proper motion may be equally great, and ought, therefore, 
during the lapse of a century or two, at least in some instances, to 
be detected. 

On July 9, 1883, 1 began a systematic searcli for new nebulse, 
and, during that short night 14 were found — each one a nova. 
The next night's search revealed 7 more. Up to July 9, 1884 — one 
year -7- 150 have been discovered, of which two-thirds are in Draco, 
and the constellation as yet is but half explored. 

Descriptions of many of the nebulae discovered by the elder 
Herschol are widely at variance with their present appearance, 
but I doubt if, from' this fact alone, we are justified in concluding' 
that the brightness and contour of nebulse change. 

I often find nebulae associated in pairs, and sets, and so frequent- 
ly has this occurred that on the discovery of one I, invariably, 
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search in its immediate neigliborhood for another and, too often 
to be the result of chance, one is found, apparently connected by 
physical relations lilce the binary systems of the double-stars. 

In these laborious searches vision is strained to its utmost ten- 
sion, and, when the wearied eye fails to equal its best efforts, I 
resort to the less fatiguing work of comet-seeking. 

Saying Alaska, Rochester is the most cloudy region in the 
United States. The three winter months rarely afford over four, 
clear, moonless nights, and many of the clear nights of summer are, 
from smoke and haze, useless. Since the appearance of the red- 
light or after-glow, not one exquisite night has been had. Re- 
membering all these untoward conditions, it will be apparent that 
the nebulae are not all yet discovered and that the efforts put forth 
at the Warner Observatory have been rewai'ded with a fair meas- 
ure of success. 

The faintness of some of the nebulse in my list is inconceivable. 
Sir William Herschel's class III are bright objects in comparison. 
With a luminous field and dark wires the largest telescope in the 
world would not reveal one of them, and it is very doubtful if, 
even with a dark field and luminous wires, micrometric measures 
of position can ever be satisfactorily made. 
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ADDRESS 

BY 

PROFESSOR JOHN TROWBRIDGE, 

VICE PBESIDBNT, SECTION B. 



WHAT IS ELECTBICITTf 



The conjanction of the meeting of the American Association 
with the opening of the Electrical Exposition and the sittings of 
the National Electrical Congress leads me to say a few words upon 
a question which we all ask ourselves, and to which we have hitherto 
had no response : *' What is electricity ? " 

After I have concluded you will probably still ask yourselves, 
"What is electricity?" All I can hope to do is to make you ask 
yourselves the question with more humility, and a greater conscious- 
ness of ignorance ; for the ignorant man, I have found, is generally 
sure that he knows what electricity is ; and, the more learned a 
person is, the more he is convinced that he does not know what 
electricity is. 

There Is an advantage in sounding the depths of our ignorance, 
and in surveying, even from a small Mount Pisgah, the paths we 
have traversed, and the great promised land which lies before us. 
In the beginning I must express my conviction that we shall never 
know what electricity is, any more than we shall know what energy 
is. What we shall be able probably to discover is, the relation- 
ship between electricity, magnetism, light, heat, gravitation, and 
the attracting force which manifests itself in chemical changes. 
We have one great guiding principle which, like the pillar of cloud 
by day, and the pillar of fire by night, will conduct us, as Moses 
and the Israelites were once conducted, to an eminence from which 
we can survey the promised scientific future. That principle is 
the conservation of energy. To-day we see clearly that there are 
A. A. A. s., VOL. xxxni. 6 (81) 
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not different kinds of forces ; that light is not one thing and heat 
another ; that, in truth, we should blot the word light from our 
physical text-books; that electricity and magnetism have their 
equivalents in heat, and heat in mechanical work. The ancients 
had a god for every great manifestation of Nature — a god of peace, 
a god of war, a god of the land, a god of the sea. Fifty years ago 
scientific men were like the ancients. There was a force attached 
to every phenomenon of Nature. Thus, there were the forces of 
electricity and magnetism, the vital forces, and the chemical forces. 
Now we accept treatises on mechanics which have the one word 
" Dynamik " for a title ; and we look for a treatise on physics, 
which shall be entitled " Mechanical Philosophy," in which all the 
phenomena of radiant energy, together with the phenomena 
of energy, which we entitle electricity and magnetism, shall 
be discussed from the point of view of mechanics. It is true 
that Mascart and Joubert have entitled their treatise on elec- 
tricity and magnetism ^' The Mechanical Theory of Electricity 
and Magnetism ; " but what we are to have in the future is a trea- 
tise which will show the mechanical relations of gravitation, of so- 
called chemical attracting force and electncal attracting force, and 
the manifestations of what we call radiant energy. 

When we survey the field of modern physics, we see that there 
is a marked tendency to simplify our conceptions. The question 
is sometimes asked, How shall the man of the future be able to 
make any advance, since it now takes one until middle age to 
gain familiarity with the vortex theories, with quaternions, and the 
more or less complicated mathematical analysis which characterizes 
our mechanical theory of electricity to-day ? It is evident that much 
of our complicated scaffolding is to be taken down, and the student 
of electricity in the future will start with, perhaps, the laws of vor- 
tices as axioms, just as the student in physics to-day starts with the 
truth that the energy which we receive from the sun does not exist 
either as light or heat in the space between us and the sun, but may 
be electro-magnetic, or even in an unsuspected form ; and that 
light and heat are merely manifestations of waves of energy differ- 
ing only in length. 

We have reduced our knowledge of electricity and magnetism to 
what may be called a mechanical system, so that, in a large number 
of cases, we can calculate beforehand what will take place, and we 
are under no necessity of trying actual experiments. 
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Thus, a portion of our knowledge of electro-magnetism is very 
mucli in the condition of our knowledge of what may be called geo- 
metrical astronomy, in distinction to physical astronomy. We can 
calculate what will take place with small errors, which arise merely 
from the faults of observation, and not from a want of knowledge 
of conditions, or from the enx)rs of a defective theoiy. It is prob- 
able, for instance, that the correct form of a dynamo-machine for 
producing the electric light can be calculated, and the plans drawn 
with as much certainty as the diagrams of a steam-engine are con- 
structed. There is a department of electricity corresponding, per- 
haps, to hydraulics, in which the electrical engineer can find full 
employment in subjecting perfectly definite conditions to exact cal- 
culation. We can congratulate ourselves, therefore, in having a large 
amount of systematic knowledge in electricity and we see clearly 
how to increase this systematic knowledge ; for we have discovered 
that a man, to become an electrician, can not expect to master the 
subject of electricity, who has not made himself familiar with ther- 
mo-dj^namics, with analytical mechanics, and with all the topics 
now embraced under the comprehensive title of physics. 

Some may think that an electrician is a narrow specialist. I can 
only invite such persons to engage in the study of " What is elec- 
tricity?" 

In standing upon our scientific Mount Pisgah, we can survey the 
beaten roads by which we have advanced, and can see partially 
what has been good and what has been bad in the theories which 
have stood in the place of the leaders of the Israelites and have 
conducted us thus far. Out of all the theories — the two-fluid 
theory, the one-fluid, or Franklin theory, and the various molecular 
theories — not one remains to-day under the guidance of which we 
are ready to march onward. The two-fluid theory serves merely to 
fix the ideas of the student whose mind is new to the subject of 
electricity. I think I can safely afiSrm that no scientific man of 
the present believes that there is even one electric fluid, to say 
nothing of the existence of two. We have discovered that we can 
not speak of the velocity of electricity. We do not know whether 
the rate of propagation of what we call an electrical impulse is 
infinitely slow or infinitely fast. We do not know whether what 
we call the electrical current in a conductor is due to molecular 
motions infinitely faster than those of outlying molecules, or whether 
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there is a sudden comparative cessation of roolecalar motions in the 
wire through which the current manifests itself, compared with the 
molecular motions outside the wire, for this might produce the elec- 
trical phenomena we observe. We do not know whether any mo- 
lecular motion is concerned in the manifestation of energy, which 
we call electrical. All that we can truly say is, we have a healthy 
distrust of our theories, and an abiding faith in that pillar of cloud 
by day and the pillar of fire by night — the doctrine of the conser- 
vation of energy. 

Having thus outlined the present condition of our knowledge, 
and of our comprehension of the bearing and tendencies of physi- 
cal science, let us strive, with the most powerful instruments we 
have, to survey the promised land which is undoubtedly to be the 
possession of those who come after us. It is one thing to become 
familiar with all the applications of the mechanical theory of 
electricity, and another to make an advance in the subject so that 
we can see the relations of electrical and magnetic attraction to 
the attraction of gravitation and to what we call chemical attrac- 
tion. To this possible relationship I wish to call your attention 
to-day. 

I am forced to believe that the new advances in our knowledge 
of electrical manifestations are t.o come from a true conception of 
the universality of electrical manifestations, apd from our advance 
in the study of molecular physics. Picture to yourselves the posi- 
tion of an investigator in this world. A person on the moon could 
only conceive of this audience as a molecule made up of many 
atoms. He could not measure the energy you manifest by mov- 
ing about — the heat energy — the electrical energy due to the 
friction of your envelopes. Indeed, he could only suppose your 
existence, just as we imagine the existence of a molecule of a crys- 
tal. Now, the distances we force molecules apart by many of our 
chemical processes seem extremely small to us ; but how immense 
they really are compared with the distances apart of the atoms ! 
Is it not as if we should take a stone from the moon or from Venus 
and place it upon the earth in the time of one second ? You can 
imagine, from the familiar spectacle of a meteor, the heat and the 
electricity that would result. Yet, in respect to relative distances, 
do we not do something similar when we break a crystal or pour 
acid upon a metal, or strike a dynamite-cartridge ? We are infin- 
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itely small ourselves compared with the great universe about us ; 
yet our task is to comprehend the motions of aggregations of atoms 
infinitely smaller than that aggregation which we call man. 

When we break a crystal mechanically, we have a development 
of electricity. When we heat certain ciystals — tourmaline, for 
example — besides the strain among the molecules of the crystal 
which is produced by the increased rates of vibration, we have a 
difference of electrical potential. When we let an acid fall from 
the surface of a metal, the metal takes one state of electrification 
and the drop of acid the other — in other words, we produce a dif- 
ference of electrical potential. On the other hand, a difference of 
electrical potential modifies the aggregation of molecules. The 
experiments of Lippman are well known to you. He has con- 
structed an electrometer, and even an electrical machine, which 
depend upon the principle that the superficial energy of a surface 
of mercury covered with acidulated water is modified when a dif- 
ference of electrical potential is produced at the limiting surfaces. 
I have lately noticed a striking illustration of the modification of 
superficial energy by a difference of electrical potential. The ex- 
periment can be performed in this way : fill the lower part of a 
glass jar with clean mercury, pour a saturated solution of common 
salt upon the mercury, hang in the salt solution a carbon plate, 
and connect this plate with a battery of four or five Bunsen cells ; 
and, on connecting an iron wire with the other pole of the battery, 
touch the surface of the mercury. An amalgam will be speedily 
formed and chlorine gas given off. After a slight film of this amal- 
gam has been formed on the mercury, remove the iron wire, and 
then immerse it slowly in salt-and-water. Even at a distance of 
six inches from the mercury, and far below the carbon electrode, 
the surface of mercury will be disturbed by the difference of elec- 
trical potential, and a commotion, which might be called an elec- 
trical storm, will be observed upon its surface. Now, these 
manifestations of what is called superficial energy — that is, the en- 
ergy manifested at the surface of separation of any two media, and 
the effect of electricity upon this superficial energy — afford, it 
seems to me, much food for thought. There have always been two 
parties in electricity — one which maintains that electricity is due 
to the contact of dissimilar substances, and the other which 
believes that the source of electrical action must be sought in 
chemical action. Thus, according to one party, the action of an 
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ordinary voltaic cell is dne to the contact, for instance, of zinc 
with copper, the acid or solution of the cell merely acting as the 
connecting link between the two. According to the other it 
is to the difference of chemical action on the two metals of the 
connecting liquid that we must attribute the rise and continuance of 
the electrical current. It has always seemed to me that these 
two parties are like the knights in the story, who stood facing op- 
posite sides of a shield, each seeing but one side, one protesting 
that the shield was silver and the other that it was gold, whereas 
it was both silver and gold. 

The electro-motive force of a voltaic cell is undoubtedly due to 
the intrinsic superficial manifestation of energy. When two dis- 
similar metals are placed in connection with each other, either di- 
rectly or through the medium of a conducting liquid, the chemical 
action of the liquid brings new surfaces of the metals constantly 
in contact. Moi*eover, we have the difference of sui>eriicial energy 
between the liquid and the two metals. So that our expression 
for electro-motive force is far from being a simple one ; it contains 
the sum of the several modifications of superficial energy at the 
surfaces of the two metals, and at the two boundaries of the liquid 
and the metals. 

Let us turn now to the subject of thermo-cilectricity. Here we 
have again a development of electro-motive force by the mere con- 
tact of two metals, when the junctions of the metals are at differ- 
ent temperatures. There is no connecting liquid here, but the 
surface of one metal rests directly upon that of the other. The 
electrical current that arises is dne to the difference of superficial 
energy manifested at the surfaces of the two junctions. We know 
that the action is on the surface, for the dimensions of the junc- 
tions do not affect the electro-motive force. Suppose that we 
should make the metals so thin that an ultimate molecule of iron 
should rest against an ultimate molecule of copper. Should we 
not arrive at a limit, at a definite temperature of the conversion 
of molecular vibration into electrical energy and also, when our 
theory is perfected, of the number of molecules along a linear line 
of copper against a linear line of zinc which can produce a current 
of electricity of a given strength ? I have often thought that the 
jostling, so to speak, of these ultimate molecules of two metals at 
definite temperatures might form a scientific unit of electro-motive 
force in the future science of physical chenaistry. Look at the 
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great field for investigation there is in the measurement of what 
we call electro-motive force, both in voltaic electricity and in ther- 
mo-electricity. The astronomer measures the positions of the stars 
and their light, and tabulates the enormous volumes of results 
from year to year, in order to ascertain some great law or laws of 
the possible changes of the entire stellar universe — some sweep- 
ing onward through space. Is it not fully as important that, in 
our physical laboratories, we should organize our routine work, 
and provide some great generalizer, like Sir Isaac Newton, with 
sufficient data of electro-motive force, or, as I prefer to call it, the 
relations of superficial energy, in order that the relations between 
this energy and the ultimate motions of the molecular worlds may 
become better known to us ? 

When the world was evolved from the first nebulous stage, a 
portion of the atoms remained more or less free in the gaseous 
state, another portion became more or less limited in organic forms, 
and another portion were tightly compressed into solids more or 
less elastic. This elasticity is thought by some to be an evidence 
of very rapid motion through all these various aggi*egations of 
matter — or shall we say different manifestations of motion ? for 
some also believe that our ideas of matter result merely from a 
perception of motion. Shall we affirm that there is some relation 
between elasticity and electricity? I do not think that we are 
prepared to do so, fpr some elastic bodies are good conductors and 
some are poor conductors of electricity. We can see dimly, how- 
ever, that there is a great field in molecular physics, in which elas- 
ticity and superficial energy and difference of electrical potential 
shall be treated together. 

I have tried various experiments upon the electro-motive force 
of alloys. By means of an alloy we can apparently modify the 
superficial energy at the surface of a solid. Thus, an alloy with 
a parent metal will give a varying electro-motive force. If we 
could be sure that an alloy is always a definite chemical composi- 
tion, and not a more or less mechanical admixture, it seems as if 
we could get closer to the seat of electro-motive force by a num- 
ber of quantitative measurements. Unfortunately, the physical 
nature of alloys is not definitely known, and there is little coher- 
ence or regularity in our measurements of their electro-motive 
force. Still, there is a great field in the study of the electro-mo- 
tive force of alloys. We can modify the superficial energy of met- 
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als, not only by melting metals together, bnt also by grinding them 
to a very fine powder, and compressing them again by powerfal 
means into solids more or less elastic, and then examining their 
superficial energy, which is manifested as electro-motive force. 
I am still engaged upon researches of this nature, and, if the 
work is not brilliant, I hope that it will result in the accumulation 
of data for future generalization. 

We cannot treat the manifestation of electro-motiye force in the 
voltaic cell apart from the manifestation of electro-motive force in 
the differently heated junctions of a thermo-electric junction. In 
both cases there is a difference of manifestation of superficial en- 
ergy ; and in thermo-electricity we can also modify this energy by 
making alloys. The subject of thermo-electricity has been eclipsed 
by the magnificent development of the dynamo-electnc machine, 
but we may return to thermo-electricity as a practical source of 
electricity. I have been lately occupied in endeavoring to modify 
the difference of potential of two thermo-electric junctions, by 
raising one junction to a very high temperature under great pres- 
sure ; for it is well known that the melting-point of metals is raised 
by great pressure. If the metal still remains in the solid state 
under great temperature and great pressure, can we not greatly 
increase the electro-motive force which results from the difference 
of superficial energy manifested at the two junctions ? 

When an electrical current is passed through two thermo-electric 
junctions, it cools the hot one and beats the cool one. Moreover, 
you are well acquainted with Thomson's discoveiy that a current 
of electricity, in passing through a metal, carries heat, so to speak, 
with it — in one direction in iron and in another in copper. Do 
we not see here a connection between the manifestation of superfi- 
cial energy in liquids and the effect of a difference of potential 
upon it, and the manifestations of thermo-electro-motive force and 
the effect of differences of electrical potential ? It is curious and 
suggestive that, in applying the reasoning of Carnot's cycle to the 
effect of a difference of electrical potential on the superficial energy 
at the surface of separation of two liquids, one is led to the equa- 
tions which express in thermo-dynamics the Peltier and Thomson 
effects. 

In thus looking for the seat and origin of electrical action, how 
much have we discovered? It is evident that our knowledge of 
electricity will increase with our knowledge of molecular action. 
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and our knowledge of molecular action with that which we call at- 
tractive force. It is somewhat strange that, although we are so 
curious in regard to electricity, we seldom reflect that gravitation 
is as great a mystery as electrical attraction. What is this force 
Tvhich acts instantly through space, and which holds our entire 
solar system together? We know only its simple law — that 
it attracts bodies directly as their masses and Inversely as the 
square of their distance ; but we do not know what relation it 
bears to electrical force or magnetic force. Here is a field in 
'which we are to push back our boundary of electrical knowledge. 
I will not call it electrical knowledge, but rather our knowledge of 
the great doctrine of the conservation of energy. What is the re- 
lation between electricity, magnetism, and gravitation, and what 
we call the chemical force of attraction ? It seems to me that this 
is the question which we must strive to answer ; but, when this 
question. is answered, shall we not be as far as ever from the an- 
swer to the question, '* What is electricity?" 

The question of the connection between electricity and gravita- 
tion dwelt much in Faraday's thoughts. It is interesting to recall 
the experiments which he instituted to discover if there is any con- 
nection between these great manifestations of force. In his first 
experiment he suspended vertically an electro- magnet, which was 
connected with a galvanometer, and let various non-magnetic bodies, 
such as brass bodies, pieces of stone and crystals, fall through the 
centre of this electro-magnet, thinking that there might possibly 
be a reaction from the influence of gravitating force on the falling 
body which would be manifested as an electrical cun*ent. He did 
not, however, obtain the slightest electrical disturbance which 
might not have been caused by simple electrical induction. He 
then arranged a somewhat complicated piece of apparatus by means 
of which a body could be moved alternately with the direction of 
gravitation and against it, and the terminals of a galvanometer 
were so connected that the intermittent effects, if they existed, 
could be integrated or summed up. He failed, however, to find the 
slightest relation between gravitation and electricity, and he closes 
his account of his experiments with these words : " Here end my 
trials for the present. The results are negative. They do not 
shake my strong feeling of the existence of a relation between 
gravity and electricity, though they give no proof that such a rela- 
tion exists.'* 
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Since Faraday's time no connection or relation has been found 
except in the similarity of the law of inverse sqaares. I have often 
reflected apon these experiments of Faraday, and have asked my- 
self, Was the direction in which he experimented the true direction 
to look for a possible relation ; and can not the refined instruments 
and methods of the electrical science of the present aid us in more 
promising lines of research ? Should we not expect that, when two 
balls of copper, for instance, are suddenly removed from each other, 
a difference of electrical potential should manifest itself, and that 
the electrical force thus developed should be opposed to our en- 
deavor to overcome the attractive force between the two masses of 
copper ? Moreover, when we force the copper balls together, should 
we not expect that an electrical charge should be developed of 
such a nature as to oppose our motion ? And thus in these mutual 
relations, which are apparently consistent with the doctrine of the 
conservation of energy, should we not expect to find the relation 
which we are in search of? Our experiment, therefore, would have 
to be conducted in this way : We should carefully insulate our two 
copper masses, estimate the effects that would be due in any way 
to cutting the magnetic lines of force of the earth, and then with a 
delicate electrometer, the masses having been placed in a vacuum 
to get rid of the effect of friction of the air, we should proceed to 
test their electrical relations. This experiment also gives nega- 
tive results, but may we not try it under better conditions than I 
have been able to devise ? If we could prove that whenever we 
disturb the relative position of bodies, or break up the state of 
aggregation of particles, we create a difference of electrical poten- 
tial, and, moreover, if we could discover that the work that this 
electrical potential can perform, together with the heat that is de- 
veloped by the process, is the complete work that is done on the 
system against attractive force, whether expressed in gravitation 
attractive force, or as so-called chemical attractive force, we should 
greatly extend our vision of the relation of natural phenomena. In 
thus pursuing the line of argument of my address, I venture to 
state an hypothetical law which it seems to me is at least plausi- 
ble in the present state of electrical science, and may serve as a 
scaffolding to be taken down when experiment shall have properly 
proportioned the edifice. 

This hypothetical law I should state as follows : " Whenever the 
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force of attraction between masses or molecules is modified in any 
way, a diflference of electrical potential results." 

In wliat I may therefore call the physical chemistry of the fu- 
ture, may we not expect that in the reactions we must express the 
equivalent of the difference of electrical potential in the summation 
of the entire work which is done ? I can make my meaning clear- 
er by referring to an experiment of Him by which he obtained a 
fair value for the mechanical equivalent of heat. In principle it is 
this : A heavy weight falls upon a lead vessel which contains a 
given amount of water at a definite temperature. The lead vessel 
suffers compression by the blow, and the water is raised in tem- 
perature. It is found, on properly estimating the amount of heat 
taken up by the lead and the loss radiated during the experiment, 
that the heat produced by the blow is the equivalent of its mechan- 
ical work. Suppose now that the vessel containing the water 
should be made of two metals of about the same specific heat or 
capacity for absorbing heat, and suppose that wires should connect 
the two different metallic portions with a similar vessel containing 
water. We should have here two thermo-electric junctions at the 
same temperature. When the weight falls upon one junction and 
beats it with its contained water, we have not only the heated 
water but also an electrical current ; it is evident, therefore, that 
we should be able to heat the water more when the wire between 
the two vessels is cut, than when there is a metallic circuit between 
them, for a part of the energy of the falling weight has become 
converted into an electrical current. At the terminals of the cut 
wires there is a difference of electrical potential created for an in- 
stant, which, however, instantly disappears. What is the equiva- 
lent of this difference of potential ? Is it not in the closed circuits 
through the masses of the metals, a part of which, it is true, be- 
comes sensible heat, but another portion may become latent heat 
or do internal work among the molecules ? 

Moreover, is it not reasonable to suppose that certain anomalies 
which we now find in the determinations of specific heats of com- 
plicated aggregation of molecules are due to our failure to estimate 
the electrical equivalent of the movements and interchanges of the 
molecules? Let us take, again, the case of friction between two 
pieces of wood : is it not possible that the friction is the electrical 
attraction which results from the endeavor to move the adjoining 
particles of wood in the two pieces asunder ? Let us remember, in 
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onr endeavor to connect the phenomenon of saperficial energy with 
electrical manifestations, that the friction between two surfaces is 
modifled by keeping these surfaces at a difference of electrical 
potential. In Edison's motophone, by means of which the voice of 
one speaking in New York could be made audible to this audience, 
we see this exemplified in a very striking manner. A platinum 
point connected with one pole of a battery rubs upon a revolving 
cylinder of chalk, which is simply moistened with water and is 
connected with the opposite pole of the battery. The friction be- 
tween the two is modified in unison with the changes in electrical 
potential of the battery ; and a diaphragm in connection with the 
platinum point responds to these changes in the friction, and there- 
fore to a transmitter placed anywhere in the electrical circuit. 

My own studies have been chiefly in the direction of thermo- 
electricity, and in the subject of tlie electrical aspect of what we 
call superficial energy. I think there is a great field here — in 
which a large crop of negative results can be reaped — but these 
negative results I cannot regard entirely as thistles. I have tried 
the following experiment, on the hypothesis that an electrical dif- 
ference of potential in changing the relations of molecules might 
modify the heat that is radiated from a surface. I have endeavored 
to discover whether an electrical current first cools a conductor 
before it heats it, as we might expect if the molecules being re- 
strained in any way could not radiate as much energy into space as 
they could under the same difference of temperature, when not sub- 
mitted to the action of an electrical difference of potential. I have 
reaped only a thistle so far from this investigation, but I shall con- 
tinue it. I have deposited copper in the magnetic field and out- 
side the magnetic field, and have endeavored to ascertain the 
thermo-electric relations of these layers of copper, and have appar- 
ently discovered — I say apparently, for such experiments require 
a large number of trials, and I have made thus far onl}^ a limited 
number — that there is a difference of superficial energy between 
the surface in which the molecules of copper have been subjected 
to a strong attractive force while they were being deposited, and 
those molecules which have been only under the infiuence of ordi- 
nary gravitation force. 

The experiments which I have tried have continually deepened in 
me the belief that any change in the state of aggregation of parti- 
cles — in other words, any change which results in a modification 
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of attracting force — whether gravitative or the commonly called 
chemical attracting forces, results in an electrical potential ; and, 
conversely, that the passage of electricity through any medium 
produces a change of aggregation of the molecules and atoms. 
Professor Schuster, in a late number of " Nature " (July 8, 1884, 
page 230), gives some of the results of his recent investigation of 
gases subjected to electrical discharges, isind believes himself jus- 
tified in making the following hypothesis : "In a gas the passage 
of electricity from one molecule to another is always accompanied 
by an interchange of the atoms composing the molecule ; the mole- 
cules are always broken up at the negative pole, " and in his com- 
ments upon this law he remarks that a molecule of mercury consists 
of a single atom ; but mercury has a very brilliant spectrum : this 
would seem to militate against the hypothesis. On the other 
hand, if an essential part of the glow discharge is due to the 
breaking up of the molecules, we might expect mercury-vapor to 
present other and much simpler phenomena than other vapors. 
This is the case, for if mercury-vapor is sufficiently free from air, 
the electrical discharge through it shows no negative glow, no dark 
spaces, and no stratifications. In reflecting upon experiments of 
this nature, cannot we believe that, if we could systematically 
break up the arrangement of the atoms in the molecules of any 
substance, we could produce a difference of electrical potential ? 
Our instrumental means are probably too coarse to enable us to 
follow the track of such splitting of the molecules. We are like 
blind men in a great field of energy striving to ascertain the con- 
figuration about us with only three senses — the galvanometer 
sense, the electrometer sense, and the voltameter s^nse. Suppose 
you add to the equipment of such blind men a magnetic sense, or 
an attractive-force sense. Suppose such a blind man could per- 
ceive the equivalence of our thoughts in electrical and magnetic re- 
lations, as we now see a manifestation of equivalence of mechanical 
work when a lighthouse lamp bursts upon our sight. Suppose such 
a person could become sensible of every change among atoms and 
molecules. Suppose that the quick passing of what we call life 
from the body into another shape or state of existence should be 
sensible as a reaction in electrical and magnetic effects. Such a 
person could then see the quick ebb and flow and interchanges of 
attractive forces as we now see the play of colors. Have you ever 
reflected that we may possibly have some day an electrical spec- 
trum—perhaps I should call it an attracting- force spectrum — in 
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which the electro-magnetic manifestations of energy shall be spread 
out and differentiated, just as that part of the energy which we re- 
ceive from the sun and which we ^all light and heat is now dis- 
persed in the visible solar spectrum? We regard to-day the 
manifestations of the different color of bodies — the tints of the 
objects in the room — as the visible expression of the great law of 
conservation of energy. The energy which we have received from 
the sun is making interchanges and is modified by the different 
molecular structure of the different objects. Thus, a red body 
has absorbed, so to speak, certain wave-lepgths of energy, and has 
transmitted or reflected back only the red or long waves of energy. 
The rest of the energy has been devoted to molecular work which 
does not appeal to us as light or even in certain cases as heat. If 
we suppose that radiant energy is electro-magnetic, cannot we 
suppose that it is absorbed more readily by some substances than 
by others, that its energy is transfoi*med so that with the proper 
sense we could perceive what might be called electrical color ; or, 
in other words, have an evidence of other transformations of radi- 
ant energy other than that which appeals to us as light and color? 

I have thus far conducted you over a field that, in comparison 
with what lies before us, seems indeed barren and churlish of re- 
sults. Have we, then, nothing upon which we can congratulate 
ourselves? I can only reply by pointing to the rich practical re- 
sults which you can see in the fine electrical exposition which we 
owe to the energy and liberality of the citizens of Philadelphia. 
Although we must glory in this exposition, it is the duty of the 
idealist to point out the way to greater progi*ess and to greater in- 
tellectual grasQ. 

Perhaps we have arrived at that stage in our study of electricity 
where our instruments are too coarse to enable us to extend our 
investigations. Yet how delicate and eflScient they are I Compare 
the instruments employed by Franklin, and even by Faraday, with 
those which are in constant use to-day in our physical laboratories. 
Franklin, by the utmost effort of his imagination, could not con- 
ceive, probably, of a mirror-galvanometer that can detect the elec- 
trical action of a drop of distilled water on two so-called chemically 
pure platinum plates, or of a machine that can develop from the 
feeble magnetism of the earth a current sufficiently strong to light 
the city of Philadelphia* Let him who wanders among the historical 
physical instruments of many of our college collections stand before 
the immense frictional electrical machine of Franklin's day, or gaze 
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upon the rude electrometers and galvanometers. of that time, and 
contrast Franklin's machine with the small Toepler-Holtz electri- 
cal machine which with a tenth of the size gives a spark ten times 
as strong as Franklin's ; or the electrometers and galvanometers of 
Faraday with the mirror-galvanometers and electrometers of Sir 
William Thomson. Yet, at the same time, let such an observer 
think of the possibilities of the next fifty years, for the advance of 
science is not in a simple proportion to the time, and the next fifty 
years will probably see a far greater advance than the one hundred 
years since the date of Franklin's electrical work has seen. Is not 
the state of our imagination like that of the shepherd-boy who lies 
upon his back, looking up at the stars of heaven, and trying to 
imagine what is beyond the stars ? The only conclusion is that there 
is something far more than we have ever beheld. Is it not the 
physicist of the future to have instruments delicate enough to 
measure the heat equivalent of the red and the yellow, the blue and 
the violet rays of energy? — instruments delicate enough to dis- 
cover beats of light as we now discover those of sound — an appa- 
ratus which will measure the difference of electrical potential 
produced by the breaking up of composite grouping of molecules? 
The photographer of to-day speaks, in common language, of hand- 
icapping molecules by mixing gums with his bromide of silver, in 
order that their rate of vibration may be effected by the long waves 
of energy. Shall we not have the means of obtaining the mechan- 
ical equivalent of such handicapped vibrations ? Or, turning to 
practical science, let us refiect upon the modern transmitter and 
the telephone, and contrast these instruments with the rude, so- 
called lover's telephone, which consists of two disks connected by 
a string or wire. What an almost immeasurable advance we see 
here I Would it not have been as difficult for Franklin to conceive 
of the electrical transmission of speech as for the shepherd-boy to 
conceive of other stars as far beyond the visible stars as the visi- 
ble stars are from the earth ? 

Yes, we have advanced ; but you will perceive that I have not 
answered the question, which filled the mind of Franklin, and 
which fills men's minds to-day, *' What is electricity ? " If I have 
succeeded in being suggestive, and in starting trains of thought in 
your minds which may enlighten us all upon this great question, I 
have indeed been fortunate. 
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On the Fritts selenium cells and batteries. By C. E. 
Fritts, ' New York, N. Y, 

In all previous cells, so far as I am aware, the two portions or 
parts of the selenium, at which the current enters and leaves it, 
have been in substantially the same electrical state or condition. 
Furthermore, the paths of the current and of the light have been 
transverse to each other, so that the two forces partially neutral- 
ize each other in their action upon the selenium. Lastly, the cur- 
rent flows through not only the surface layer which is acted upon 
by the light, but also through the portion which is underneath 
and not affected thereby, and which therefore detracts from the 
actual effect of the light upon the selenium at the surface. 

My form of cell is a radical departure from all previous methods 
of employing selenium, in all of these respects. In the first place, 
I form the selenium in very thin plates, and polarize them, so that 
the opposite faces have different electrical states or properties. 
This I do by melting it upon a plate of metal with which it will 
form a sort of chemical combination, suflScient, at least, to cause 
the selenium to adhere and make a good electrical connection with 
it. The other surface of the selenium is not so united or combined, 
l)Ut is left in a free state, and a conductor is subsequentl}'^ applied 
over it by simple contact or pressure. 

During the process of melting and crystallizing, the selenium is 
compressed between the metal plate upon which it is melted and an- 
other plate of steel or other substance with which it will not com- 
bine. Thus by the simultaneous application and action of heat, 
pressure, chemical afflnit)' and crystallization, it is formed into a 
sheet of granular selenium, uniformly polarized throughout, and 
having its two surfaces in opposite phases as regards its molecular 
arrangement. The non-adherent plate being removed after the cell 
has become cool, I then cover that surface with a transparent con- 
ductor of electricity^ which may be a thin film of gold leaf. Plat- 
inum, silver, or other suitable material may also be employed. 
The whole surface of the selenium is therefore covered with a good 
▲. ▲. A. s., VOL. xxxm. 7 (97) 
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electrical conductor, yet is practically bare to the light, which passes 
through the conductor to the selenium underneath. My stand- 
. ard size of cell has about two by two and a half inches of surface, 
with a thickness of y^^ to irfcfjf inch of selenium. But the cells 
can, of course, be made of any size or form. A great advantage of 
this arrangement consists In the fact that it enables me to apply 
the current and the light to the selenium in the same plane or gen- 
eral direction, instead of transversely to each other as heretofore 
done, so that I can cause the two influences to either coincide in 
direction and action, or to act upon opposite faces of the selenium 
and oppose each other, according to the effect desired. 

By virtue of the prbcess and arrangement described, my cells 
have a number of remarkable properties, among which are the 
following : 

1. Their sensitiveness to light is much greater than ever before 
known. The most sensitive cell ever produced, previous to my 
investigations, was one made by Dr. Werner Siemens, which was 
14.8 times as conductive in sunlight as in dark. In table A, I give 
results obtained from a number of my cells. 

TABIiE A. 

SENSinVBMESS TO LIGHT. 



Seleninm 
ceU. 


Battery 
power. 


Besistance in 
dark. 


Besistance in 
sunlight. 


Batio. 


No. 22 


5 elements 


89,000 ohms. 


840 ohms 


114 to 1 


« 23* 


5 ** 


14,000 " 


170 « 


82.3 " " 


u 24a 


6 * 


648,000 " 


2,400 « 


270 «* " 


« 251 


6 *' 


180,000 «« 


830 •* 


196.6 « «* 


•• 261 


5 ** 


135,000 " 


710 " 


190 «« «« 


" 107 


6 '* 


118,000 " 


740 " 


169 " «« 


" 108 


5 " 


200,000 " 


900 « 


222 " ** 


" 122 


6 *' 


56,000 « 


220 *• 


264.5 " « 


« 129» 


6 " 


200,000 " 


940 " 


212 " " 


" 137 


6 '* 


108,000 « 


820 " 


837.5 " ♦* 



It will be observed that I have produced one cell which was 

1 Cells No. 23 and No. 129 are now in possession of Prof. W. Grylls Adams, of King's 
College, London; Dr. Werner Siemens has No. 26, and Prof. George F. Barker, of 
Philadelphia, has No. 26. 

3 No. 24 was measured with a bridge multiplier of 6 to 1. 
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337.5 times as conductive in hazy sunlight as in dark. The tre- 
mendous change of resistance involved in the expression " 337.5 
times" may perhaps be more fully realized by saying that 99.704 
per cent of the resistance had disappeared temporarily, under the 
joint action of light and electricity, so that there remained less than 
-^fj of 1 per cent of the original resistance of the selenium in dark. 
In order to obtain these high results, the cells must be pro- 
tected from light when not in use. The resistance is first meas- 
ured while the cell is still in total darkness. It is then exposed 
to sunlight and s^ain measured. It is also necessary to send the 
current in at the gold electrode or face, as the cell is much less 
sensitive to light when the light acts upon one surface of the 
selenium and the current enters at the opposite surface. When 
the two influences, the light and the current, act through the gold, 
in conjunction, their forces are united ; and, as every atom of the 
selenium is affected by the light, owing to the extreme thinness 
of the plate, we have the full effect shown in the measurements. 

Cells which are sensitive to light improve by being used daily, 
and their sensitiveness becomes less if they are laid aside and not 
used for a considerable length of time, especially if allowed to 
become overheated. They should be kept cool, and exposed to 
light frequently, whether they are used or not. 

Mode of measuring cells. So great is the sensitiveness of these 
cells to external influences, that it is necessary to adopt some par- 
ticular system in measuring their resistance and to adhere strictly 
to that system, as every change in the method of measurement 
produces a difference in the result and the different measurements 
would not be comparable with each other. The reason for this 
will be explained presently. 

The system I have adopted is the Wheatstone*s bridge arrange- 
ment, with equal sides, never using multipliers except for some 
experimental purpose. In each multiplier wire I have 500 ohms 
resistance. When the bridge is balanced, one-half of the current 
flows through the cell and acts upon the selenium. Between the 
bridge and the cell is a reversing switch, so that the current can 
be reversed through the cell without changing its course through 
the bridge. A Bradley tangent galvanometer is used, employing 
the coil of 160 ohms resistance. The Leclanehe battery is exclu- 
sively used in measurements for comparison. 
2. T/ie kind of battery employed has a marked effect upon the 
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Bensitiveness to light, which is largely reduced or entirely destroyed 
when the bichromate battery is used. The same cells again be- 
come extremely sensitive with the Leclanch^ battery. We might 
naturally expect that a change in the current employed would 
cause a change in the resistance of a cell, but it is not clear how or 
why it should affect the sensitiveness of selenium to light. 

^^ If one kind of battery current destroys its sensitiveness, may 
we not suppose that another kind might increase its sensitiveness ? 
Although the Leclanch6 has operated well, some other may oper- 
ate still better, and by its special fitness for use on selenium cells 
may intensify their actions, and so bring to light other properties 
yet unthought of. Is not here a promising field for experiment, 
in testing the various forms of battery already known, or even 
devising some new form especially adapted to the needs and 
peculiarities of selenium cells ? *' 

One year ago I made the foregoing suggestion in a paper on A 
New Form of Selenium Cell^ presented before this Association at 
Minneapolis. I am now at libeily to state that my photo-electric 
battery, presently to be described, marks an advance in the direc- 
tion indicated. The current from this battery increases the sen- 
sitiveness of the cells to light, and also to reversal of current* 
One cell whose highest ratio in light was about 83 to 1, with the 
Leclanch^ battery, when measured with my battery gave a ratio of 
120 to 1. It seems to make the resistance of the cell both higher 
in dark and lower in sunlight than with the Leclanche battery. 
But the field is yet open to ot&ers, for the discovery of a battery 
which may be still better for use with selenium cells. 

3. The two surfaces of the selenium act differently towards cur^ 
rents sent into them from the contiguous conductors. One surface 
offers a higher resistance to the current than the other. The for- 
mer I utilize as the anode surface, as I have found that the cell is 
more sensitive to light when the current enters at that surface^ 
which is ordinarily the one covered by the gold or other trans- 
parent conductor. Some cells have this property but feebly de- 
veloped ; but in one instance the resistance offered to the current 
by the anode surface was 256 times as high as that offered by the 
cathode surface to the same current. In the majority of cases, 
however, the ratio does not exceed ten times. Table B gives some 
recent results. 
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TABLE B. 

SBNSmYBNBSS TO BBYBRSAL OF DIRBCTTON OF CUREIBNT. 



No. ofceU. 


Battery. 


Resistance, 
" gold anode." 


Resistance, 
"goIdeathode.»» 


Ratio. 


1 inch square, No. 4 


6 elements 


20,000 ohms 


1,000 ohms 


20 to I 


1 <c «t « 3 


iJ^e.cell. 


6,500 


400 *' 


16.2 ** " 


Fall size, No. 13 


1 elemfvit 


9.000 " 


800 " 


11.2 " *« 


« f* u 1^^ 


5 « 


2,440 " 


130 " 


18 " " 


« (« .< j5 


5 " 


4,640 " 


210 " 


22 *« " 


** it (( 27 


6 " 


6,900 " 


440 •« 


16 " " 


" « u 126 


1 " 


6,000 •• 


330 '• 


16 " •« 



The direction of the current is always indicated by stating the 
position of the gold electrode, — by the terms "gold anode" and 
"gold cathode." The above measurements were made in dark. 

4. Sensitiveness to change of battery power. My cells arc ex- 
treuiely sensitive to any change in the strength or character of 
the current flowing through them, which is shown by a corre- 
sponding change in the resistance of the cell. I can, therefore, 
vaiy the resistance of one of my cells in many ways, and the fol- 
lowing may be specified, — 

(a) By changing the potential or electromotive force of the cur- 
rent through the cell. 

(b) By changing the " quantity" of the battery or current. 

(c) By putting more or less resistance in the circuit. 

(d) By dividing the current, by one or more branch circuits or 
shunts around the cell. 

(e) By varying the resistance in any or all of said circuity. 

A cell whose resistance becomes greater as the battery power 
becomes greater, and vice versa^ I call an " L B cell" signifying 
Like the Battery power. A "U B cell" is one whose resistance be- 
comes greater as the battery power (or strength of current) be- 
comes less, and vice versa, being Unlike the Battery power or 
cun-ent strength. 

These changes of resistance are not due to heating of the con- 
ductor or the selenium, and the following instance will illustrate 
this. I have one cell in which the selenium had about one-fourth 
inch square of surface melted on a brass block one inch thick. 
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This cell measured, with 25 elements of Lec1anch6, 40,000 ohms. 
On changing the battery to 5 elements the resistance fell instantly 
to 80 ohms, and there remained. On again using the current 
from 25 elements, the resistance instantly returned to 40,000 
ohms. Had these results been due in any degiee to heating, the 
resistance would have changed gradually as the heat became com* 
municated to the brass, — whereas no such change occurred, the 
resistances being absolutely steady. Moreover, even the fusion of 
the selenium would not produce any such change. 

The " UB" property does not ordinarily change the resistance 
of the cell to exceed ten times, i. e., the resistance with a weak 
current will not be over ten times as high as with a strong one. 
But I have developed the " L B" property to a far higher degree. 
Table C gives some recent results obtained with L B cells, includ- 
ing one whose resistance, with 25 elements Leclanch6, was 11,381 
times as high as with 8 elements, and which, after standing 
steadily at 123 ohms (and then at 325 ohms with 1 element), on 
receiving the current from 25 elements again returned to its pre* 
vious figure of 1,400,000 ohms. 

TABIiE o. 

SENSinVBNBSS TO CHANGE OF BATTERT POWBB. 



No. of cell. 


Resistance wikh 
26 elements. 


Eesistance with 
6 elements. 


Batio of 
change. 


i inch square, No 1 


40,000 ohms 


80 ohms 


1,333 tol 


1 u ft it 2 


13,000 « 


40 " 


325 '* " 


1 u « u 1 


1,400,000 « 


123» « 


11,381 " " 


1 It « It 2 


600.000 " 


62 " 


8,064 " " 


i <• « «( 6 


8,600 " 


21 « 


167 " " 


FnU size, No. 81 


68.000 " 


121 «* 


661 " « 


ts « IS g2 


9,000 " 


64 « 


140 *< »• 


»i it €i 83 


17,300 " 


74 « 


233 •• ** 


« <* « 119 


35.600 « 


19 « 


1,894 " " 



The results in the table were obtained by changing the strength 
of current by throwing in more or less of the battery. Like re- 
sults can be obtained by varying the current through the cell by 
any of the other methods before specified. The above measure- 
ments were in dark. 

* This measurement was obtained with 8 elements. 
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5. Dval state of selenium. My cells, when first made, eeem to 
have two states or conditions. In one, their resistance is very 
low, in the other it is high. When in the low state they are usu- 
ally not very sensitive, in any respect. I therefore raise the 
resistance, by sending an intermittent or an alternating current 
through the cells, and in their new condition they at once become 
extremely sensitive to light, currents, and other influences. In 
some cases they drop to the low state again, and require to be 
again brought up, until, after a number of such treatments, they 
remain in the sensitive state. Occasionally a cell will persist in 
remaining in the insensitive state. The before- mentioned treat- 
ment raises it up for a moment, but, before the bridge can be bal- 
anced and the resistance measured, it again drops into the low or 
insensitive state. Some cells have been thus stimulated into the 
high or sensitive state repeatedly, and every means used to make 
them stay there, but without avail ; and they have had to be laid 
aside as intractable. 

In the earlier stages of my investigations, before the discovery 
of this dual state and the method of changing a cell from the 
insensitive to the sensitive condition, hundreds of cells were 
made, finished, and tested, only to be then ruthlessly destroyed and 
melted over, under the impression that they were worthless. Now 
I consider nothing worthless, but expect sooner or later to make 
every cell useful for one purpose or another. 

The most singular part of this phenomenon is the wide difference 
in the resistance of the cells in the two states. In the low state, 
it may be a few ohms, or even a few hundredths of an ohm. In 
the high state, it is the normal working resistance of the . cell, 
usually between 5,000 and 200,000 ohms, but is often up among 
the millions. The spectacle of a little selenium being stimulated, 
by a few interruptions of the current through it, into changing its 
resistance from a fraction of an ohm up to a million or several 
millions of ohms, and repeatedly and instantly changing back and 
forth, up and down, through such a wide range, — we might almost 
say, changing from zero to infinity, and the reverse, instantly, — 
is one which suggests some very far-reaching inquiries to the elec- 
trician and the physicist. What is the nature of electrical 
conductivity or resistance, and how is it so greatly and so sudden- 
ly changed ? 

6. Eadio-electric current generators. My cells can be so treated 
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that tbey will generate a current by simple exposure to light or 
heat. The light, for instance, passes through the gold and acts 
upon its junction with the selenium, developing an electromotive 
force which results in a current proceeding from the metal back, 
through the external circuit, to the gol^ in front, thus forming a 
photo-electric dry pile or battery. It should preferably be protect- 
ed from overheating, by an alum water c^ll or other well known 
means. 

The current thus produced is radiant energy converted into 
electrical energy directly and without chemical action, and flowing 
in the same direction as the original radiant energy, which thus 
continues its course, but through a new conducting medium suited 
to its present form. This current is continuous, constant, and of 
considerable electromotive force. A number of cells can he 
arranged in multiple arc or in series, like any other battery. The 
current appears instantly when the light is thrown upon the cell, 
and ceases instantly when the light is shut off. If the light is 
varied properly, by any suitable means, a telephonic or other 
corresponding current is produced, which can be utilized by any 
suitable apparatus, thus requiring no battery but the selenium cell 
itself. The strength of the current varies with the amount of 
light on the cell, and with the extent of the surface which is 
lighted. 

I produce current not only by exposure to sunlight, but also to 
dim diffused daylight, and even to lamplight. I have used this cur- 
rent for actual working purposes, — among others, for measuring the 
resistance of other selenium cells, with the usual Wheatstone's 
bridge arrangement, and for telephonic and similar purposes. Its 
use for photometric purposes and in current-regulators, will be men- 
tioned farther on. It is undoubtedly available for all uses for 
which other battery currents are employed, and I regard it as the 
most constant, convenient, lasting, readil}"^ used and easily managed 
pile or battery of which I have any knowledge. On the commercial 
scale, it could be produced very cheaply, and its use is attended by no 
expense, inasmuch as no liquids or chemicals are used, the whole 
cell being of solid metal with a glass in front, for protection 
against moisture and dust. It can be transported or carried around 
as easily and safely as an electro-magnet, and as easily connected 
in a circuit for use wherever required. The current, if not want- 
ed immediately, can either be "stored" where produced, in storage 
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batteries of improved construction devised by me, or transmitted 
over suitable conductors to a distance, and there used, or stored 
as usual till required. 

7. Singing and speaking cells. When a current of electricity 
flowing through one of my selenium cells is rapidly interrupted, a 
sound is given out by the cell, and that sound is the tone having 
the same number of air vibrations per second as the number of 
interruptions in the current. The strength of the sound appears 
to be independent of the direction of the current through the cell. 
It is pix>duced on the face of the cell, no sound being audible 
from the back of the cell. An alternating current also produces a 
sound corresponding to the number of changes of direction. Ex- 
periments also show that, if a telephonically undulating current 
is passed through the cell, it will give out the speech or other 
sound corresponding to the undulations of the current, — and, 
furthermore, that the cell will sing or speak in like manner, with- 
out the use of a current, if a suitably varied light is thrown upon 
it while in closed circuit. 

My experiments having been devoted especially to those branches 
of the subject which promised to be more immediately practically 
valuable, I have not pursued this inquiry very far, and offer it for 
your consideration as being not only interesting, but possibly 
worthy of full investigation. 

General Observations on the Properties of Cells. 

From the number of different properties possessed by my cells, 
it might be anticipated that the different combinations of those 
properties would result in cells having every variety of action. 
This is found to be the case. As a general rule, the cells are 
noteworthy in one respect only. Thus, if a cell is extremely 
sensitive to light, it may not be specially remarkable in other 
respects. As a matter of fact, however, the cells most sensitive 
to light are also "U B cells." 

The property of sensitiveness to light is independent of the 
power to generate current by exposure to light, — the best current- 
generating cells being only very moderately sensitive to light, 
and some of the most sensitive cells generate scarcely any current 
at all. Current-generating cells are, almost without exception, 
"U B cells ;" and the best current-generating cells are strongly 
polarized, showing a considerable change of resistance by revers- 
ing the direction of a current through them ; and they are also 
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strong ^^anode cells," ». e., the surface next to the gold offers a 
higher resistance to a battery current than tlie other surface of 
the selenium does. The power to generate a current is temporarily 
weakened by sending a battery current through the cell while ex- 
posed to light, in either direction. The current generated by 
exposure to light is also weakened by warming the cell, unless 
the cell is arranged for producing current by exposure to heat. 

The properties of sensitiveness to light and to change of battery 
power are independent of each other, as I have cells which are 
sensitive to change of current but absolutely insensitive to light, — 
their resistance remaining exactly the same whether the cells are 
in darkness or in sunlight. I also have cells which are sensitive 
to light, but are unaffected by change of battery power, or by 
reversing the direction of the current through them. 

The sensitiveness to change of battery power is also independent 
of the sensitiveness to reversal of direction of the current. 
Among the best ^^L B cells," some are '^anode cells" and others 
are ^^cathode cells," while still others are absolutely insensitive to 
reversal of cun*ent, or to the action of light. 

Constancy of the resistance. A noticeable point in my cells is 
the remarkable constancy of the resistance in sunlight. Allowing 
for differences in the temperature, the currents, and the light, at 
different times, the resistance of a cell in sunlight will remain 
practically constant during months of use and experiments, al- 
though during that time the treatments received may have varied 
the resistance in dark hundreds of thousands of ohms, — sometimes 
carrying it up, and at others carrying it down again, perhaps 
scores of times, until it is ^'matured" or reaches the condition in 
which its resistance becomes constant. 

As has already been stated, the sensitiveness of a cell to light is 
increased by proper usage. This increased sensitiveness is shown, 
not by a lowered resistance in light, but by an increased resistance 
in dark. This change in the cells goes on, more or less rapidly, 
according as it is retarded or favored by the treatment it receives, 
until a maximum is reached, after which the resistance remains 
practically constant in both light and dark, and the cell is then 
"matured" or finished. The resistance in dark may now be 50 or 
even 100 times as high as when the cell was first made, yet, when- 
ever exposed to sunlight it promptly shows the same resistance 
that it did in the beginning. The various treatments, and even 
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ctccidents, through which it has passed in the meantime, seem not 
t;o have stirred its molecular arrangement under the action of 
light, but to have expended their forces in modifying the positions 
Mrhich the molecules must normally assume in darkness. 

Practical applications. There are many peculiarities of action 
occasionally found, and the causes of such actions are not always 
discernible. In practice, I have been accustomed to find the 
peculiarities and weaknesses of each cell by trial, developing its 
strongest properties and avoiding its weaknesses, until, when the 
cell is finished, it has a definite and known character, and is fitted 
for certain uses and a certain line of treatment, which should not 
be departed from, as it will be at the risk of temporarily disabling 
it. In consequence of the time and labor expended in making 
cells, in the small way, testing, repairing damages done during ex- 
periments, etc., the cost of the cells now is unavoidably rather high. 
But if made in a commercial way all this would be reduced to a 
system, and the cost would be small. I may say here that I do not 
make cells for sale. 

The applications or uses for these cells are almost innumerable, 
embracing every branch of electrical science, especially telegraphy, 
telephony and electric lighting, but I refrain from naming them. 
I may be permitted, however, to lay before you two applications, 
because they are of such general scientific interest. The first is my 
Photometer. The light to be measured is caused to shine upon 
a photo-electric current-generating cell, and the current thus pro- 
duced fiows through a galvanometric coil in circuit, whose index 
indicates upon its scale the intensity of the light. The scale may 
be calibrated by means of standard candles, and the deflections 
of the index will then give absolute readings showing the candle- 
power of the light being tested. Or, the current produced by 
that light and that produced by the standard candle may be com- 
pared, according to any of the known ways of arranging and 
comparing different lights, — the cell being lastly exposed alternate- 
ly to the two lights, to see if the index gives exactly the same 
deflection with each light. 

This arrangement leaves untouched the old difficulty in photom- 
etry, that arising from the different colors of different lights. 
I propose to obviate that difficulty in the following manner. 
As is well known, gold transmits the green rays, silver the blue 
rays, and so on ; therefore, a cell faced with gold will be acted 
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npon by the green rays, one faced with silver by the blue rays, etc. 
Now if we consti*uct three cells (or any other number), so faced 
that the three, collectively, will be acted upon by all the colors, 
and arrange them around the light to be tested, at equal distances 
therefrom, each cell will produce a current corresponding to the 
colored rays suited to it, and all together will produce a current 
corresponding to all the rays emitted by the light, no matter what 
the proportions of the different cx>lors may be. The three currents 
may act upon the same index, but each should have its own coil, 
not only for the sake of being able to join or to isolate their in- 
fluences upon the index, but also to avoid the resistances of the other 
cells. If a solid transparent conductor of electricity could be 
found which could be thick enough for practical use and yet would 
transmit all the rays perfectly, i. e., transmit white light un* 
changed, that would be still better. I have not yet found a satisfac- 
tory conductor of that kind, but I think the plan stated will answer 
the same purpose. This portion of my system I have not prac- 
tically tested, but it appears to me to give good promise of remov- 
ing the color stumbling-block which has so long defied all efforts 
to remove it, and I therefore offer it for your consideration. 

Photo-electric regulator. My regulator .consists of a cuiTent- 
generating cell arranged in front of a light, say, an electric lamp 
whose light represents the varying strength of the current which 
supports it. The current produced in the cell by this light flows 
through an electro-magnetic apparatus by means of which mechan- 
ical movement is produced, and this motion is utilized for chang- 
ing resistances, actuating a valve, rotating brushes, moving switches, 
levers, or other devices. This has been constructed on a small 
scale and operates well, and I think it is destined to be largely 
used, as a most sensitive, simple and perfect regulator for currents, 
lights, dynamos, motors, etc., etc., whether large or small. 

In conclusion, I would say that the investigation of the physical 
properties of selenium still offers a rare opportunity for making 
very important discoveries. But candor compels me to add that 
whoever undertakes the work will find it neither an easy nor a 
short one. My own experience would enable me to describe to 
you scores of curious experiments and still more curious and 
suggestive results, but lack of time prevents my giving more than 
this very incomplete outline of my discoveries. 



Digitized by 



Google 



> 



PHT8IC8. ^ 109 

Eelation between the electromotive force of a Daniell 
cell and the strength of the zinc sulphate solution. 
By Prof. H. S. Carhart, N. W. University, Evanston, 111. 

[▲BSTRACT.l] 

This investigation was carried out in the physical laboratory of 
the university in Berlin. The electromotive force was measured 
by the compensation method of Poggendorff. The two poles of 
the battery ^ to be measured are connected with two points on 
a second circuit containing a battery B of higher electromotive 
force than A, The resistance between the points is then varied 
till no current flows through the circuit of battery A, The differ- 
ence of potential between the two points common to the two cir- 
cuits is then equal to the electromotive force to be measured. By 
Ohm's law the product of the resistance between the two points 
and the current flowing through the main circuit equals the elec- 
tromotive force of the battery A. 

The current was measured by a silver voltameter with pure 
nitrate of silver. The resistance employed was in Siemens' units. 
The deposition of silver in a silver cup was continued ten min- 
utes with a current of slightly over one-tenth of an ampere. The 
cup was then washed with great care, dried in a hot-air chamber, 
and weighed after cooling, fractions of milligrams being obtained 
by taking the swing of the pointer. 

The cell to be measured consisted of a ?7 tube, the bend 
being much smaller than the two branches, the form being that 
employed by Kohlrausch in measuring the resistance of electro- 
lytes. The lower portion of the tube was first filled with a satu- 
rated solution of zinc sulphate ; copper sulphate was then added 
to one branch and a percentage solution of zinc sulphate to the 
other, the surface of separation between the two adjacent solu- 
tions being sharp in e^ch case. No perceptible diffusion of the 
solutions took place during the time required for the measurement 
of the current. 

The following condensed table exhibits the results : 

1 Printed in full in Am. Jour. Sci., Nor.» 1884t 
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ii 

I" 


hi 


5« . 

. c • 

III 

5« 


Silver de- 
posited in 
one 
minute. 


Product of 
resistance 
and silver. 


Corrected 

for 

temp'nre 

of rheostat. 


Mean 
▼alue of 
product. 


K. M . F. 

in 

TOltS. 





2<r 


11 


6.7«7 mg». 


78.997 


73.997 


73.997 




1 


18.8 


11 


7.277 " 


80.087 


80.000 


80.000 


1.125 


»\ 


18 
19.6 


11 


7.839 •* 
6.710 " 


80.729 
80.520 


80.664 
80.504 


; 80.584 


1.133 


•i 


17.8 
17.8 


11 
11 


7.428 " 
7.358 " 


81.658 
80.038 


81.581 
80.851 


- 81.216 


1.142 


7.5 


17.8 
18.8 


11 
11 


7.289 " 
7.250 •* 


79.632 
79.750 


79.546 
79.694 


1 79.620 


1.120 


«5 


17 
19.8 


11 
11 


7.224 " 
7.289 «* 


79.464 
79.634 


79.369 
79.612 


;' 79.490 


1.118 


u 


20 
18.8 


11 
11 


7.219 " 
7.205 •* 


79.409 
79.265 


79.409 
79.201 


I 79.305 


1.115 


<o!; 


17.8 
17.5 


11 
11 


7.170 « 
7.310 <« 


78.870 
79.810 


79.786 
78.231 


I 79.008 


1.111 


»! 


16.8 
16.6 


11 
11 


7.199 •• 
7.184 ** 


79.189 
79.030 


79.072 
78.928 


|| 78.997 


1.111 



Mean, 1.122 



Sensitiveness of photographic dry plates. By Wm. H. Pick- 
ering, Mass. Inst, of Technology, Boston, Mass. 

[▲B8TRA0T.] 

The object of this research was to determine the sensitiveness 
of the various kinds of dry-plates on an absolute scale, and to 
state it in terms of the sensitiveness of pure silver chloride. The 
chloride is first exposed in a box one meter in length having an 
aperture 15.8 cm. in diameter at one end. It is exposed under 
a graduated scale of tissue paper to the light from the blue sky in 
the zenith, for a definite time, say eight minutes. The plates to 
be tested are then cut up in narrow strips, and exposed under the 
scale to a smaller aperture (.05 cm. in diameter) for a shorter 
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time, say 30 seconds. The last degrees of the scale as printed on 
the chloride, and photographed on the plates, are then noted and 
tlie relative amount of light received in the two cases compared, 
thus giving the absolute sensitiveness of the plates in terms of the 
sensitiveness of the chloride. The observations were repeated 
using gas-light as a source of illumination, and it was found that 
those plates most sensitive to daylight were in several cases the 
least so to gaslight. 



Photography op the infra-red region op the spectrum. By 
Wm. H. Pickering, Mass. Inst, of Technology, Boston, Mass. 

[ABSTRACT.] 

In the investigation described below, ordinary gelatine dry 
plates were employed. It was soon found, however, that some 
kinds were much more suitable for this purpose than others. 
Walker Reid and Inglis, and Allen and Rowell plates, being those 
which gave the best results. With an ordinary spectroscope, with 
one flint glass prism, there is no difficulty, by concentrating the 
light, in photographing as far below A, as A is below D on the 
prismatic spectrum, or to w. 1. 11300. In order to do this one 
need only place two pieces of red glass before the slit and give a 
sufficient exposure. It is well to paint the back of the plate black, 
to avoid the halo produced by the brighter portions of the spec- 
trum. By using a four inch prism, and camera lens, the latter of 
about twelve inches focus, one may reach a wave length of 13800 
in about ten minutes. By using a wide slit of about 15' angular 
aperture the A line may be photographed in about a third of a 
second, and a few seconds more is sufficient to cause the spectrum 
in the neighborhood of the C line to reverse and become nearly 
transparent. 



Thunderstorms and their relations to "LOW." By Prof. 

Henry A. Hazen, O. C. S. O., Washington, D. C. 

[abstbact.M 

Prof. Tahd's .views as to the origin of atmospheric electricity. 

The work of Palmieri in Italy and of Bezold in Bavaria ; especially 

^ Presented by permission of the Cliief Signal Officer of ttie Army. 
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in determining the general distribution of thunderstorms on any 
day and the laws governing their origin, development and progress. 

The great advantage this country offers for such study. The 
special investigations begun in January of this year and continued 
to the present time. Results. 

A study of the storms of May 17-20 leads to the following con- 
clusions : 

1. Hail falls occurred, with relatively low pressure at a storm 
centre, in the region to the southeast of " LOW "and at distances 
of about 250 miles. 

2. Thunderstorms were also mostly in the same region but at 
distances, on the average, of 450 miles. In cases where these oc- 
curred to the west and northwest of " LOW," they were sporadic 
and of little intensity. 

3. In this region the winds were gentle and southerly. 

4. In many instances there was a furious gust of wind from the 
west immediately preceding the storm, an increase of eight and ten 
times the previous velocity in a few minutes. 

5. In a few cases where the barometer was frequently read it 
was found to indicate a rather sudden increase in pressure as the 
storm came up. 

6. The intensity was greatly diminished at nightfall and again 
increased the day following. 

7. The velocity at which the storms travelled from west to east, 
spreading somewhat in a flan shape, was, on May 19, from 10 a. m. 
to 3 p. M., 37 miles per hour; from 3 p. m. to 10 p. m., 38 miles 
per hour, while the velocity of" LOW" was 23 and 10 miles per 
hour, respectively. 

This seems to show that the relation, if there be one, is with the 
general disturbance rather than with its centre and that the forces 
which determine the formation and progress of thunderstorms are 
in a manner independent of those acting in the ''LOW" itself. 

Is this greater velocity of thunderstorms than of "LOW," due 
to their distance from the centre and a consequent greater circum- 
ferential motion ? 



Digitized by 



Google 



PHT8ICS. 118 

Notes on acoustics. By Prof. Chas. R. Cross, Mass. Institute 
of Technology, Boston, Mass. 

[ABSTRACT.] 

V I- Quality of sound as related to Change of Phase. When an in- 

duction coil is used in telephony there is of course a difference of 
phase of a quarter of a wave-length between the electrical undula- 
tion in the prixnaiy and that in the secondary circuit owing to the 
action of the induction coil. Hence, if any complex musical sound 
is transmitted by such an apparatus there is a great change in the 
phase-relations among the partial-tones of the note. If the qual- 
ity were to be noticeably altered b^ such a change there should be 
a perceptible difference in quality between the sound heard in 
two receiving telephones, one in the primary and the other in the 
secondary circuit of an induction coil connected up in the ordinary 
manner with a microphone or other transmitter. No differences 
of this kind have been perceived either with the tones of such mu- 
sical instruments I have transmitted, or with the voice. By suit- 
i ably adjusting the resistance of the two telephone receivers even 

f the loudness of the sounds heard in the two circuits can be made 

identical. There is no perceptible (Change of phase from self-in- 
duction in the simple circuit described. 

II. Remarks on a Point in Helmholtz^s Theory of Consonance 
and Dissonance. Helm hoi tz considers beats to be due to an inter- 
ference of vibrations in the vibrating parts of the inner ear, and 
assumes that no two sounds can produce beats unless the interval 
between them is so small that they both affect the same vibrating 
part of the inner ear. In addition to Koenig's experimental dis- 
proof of the supposition that notes cease to beat when their inter- 
val is considerable, the view of Helmholtz as to the phj-siologi- 
cal action in the ear is in opposition to certain undoubted facts of 
audition. Beats may occur either between a sound and the after 
sensation of a previous sound, and, still more, between two sounds 
P acting only upon opposite ears. The latter fact I have confirmed 

by observing the beats between mistuned unisons and other mistuned 
intervals given by two tuning-forks ; one acting directly upon one 
ear, and the other transmitted by telephone to the other ear. The 
beating with the after sensation shows that unless the after-sensa- 
tion itself is due to persistence in vibration of the vibrating parts 
(which is certainly not the fact) the discussion of Helmholtz is in- 
A. A. A. s., VOL. xxxni. 8 
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complete. This view is still farther confirmed by the production 
of beats from the excitation of separate ears. There mast be a 
deeper action than that considered by Helmholtz, a kind of inter- 
ference in the sensoriiim itself instead of, or rather, in addition to, 
the interference of vibrations in the inner ear. 

III. Intensity of Sound as related to Amplitude of Vibration, 
In the ordinary statement that the intensity of soand is propor- 
tioned to the sqaare of the amplitude of vibration, a proposition 
that has of late been clearly recognized as applying in any case 
only to sounds of the same pitch, the complexity of the relation be- 
tween the intensity of the vibration exciting the ear, and the re- 
sulting sensation has been universally lost sight of. Probably, 
though not certainly, the Psychophysic Law of Fechner applies to 
intensity-variations, and the sensation certainly does not increase 
as rapidly as the exciting cause. Hence, in strictness, we cannot 
assume the ordinary statement to be accurately true except in ap- 
plying it to objective sound. It is a mechanical rather than an 
aural measure of the intensity, that we assame. 

Also in the diminution of intensity with increase of distance, the 
sensation must diminish less rapidly than the law of inverse squares 
would lead us to suppose. 

IV. On a Musical Application of the Principle of Fatigue, In 
the so-called " Voix celeste " stop in cabinet organs a tremolo is 
produced by calling into play two sets of reeds just oat of nnison 
with each other, which make slow beats with each other and with 
the notes produced on other stops in use at the same time. Be- 
sides this, there is a remarkable strengthening of the whole body 
of tone from the instrument. This seems to arise from the increased 
average intensity of the sensation due to the alternate increase 
and decrease of sound, which, however, with the slow beats used, is 
not so great as to become harsh and painful. 



On a proposed method for ascertaining the least number of 

VIBRATIONS NECESSARY TO DETERMINE PITCH. By Prof. ChAS. 

R. Cross, Mass. Institute of Technology, Boston, Mass. 

[ABSTRACT.] 

The methods hitherto used for this purpose are all of them 
defective for the reason that the vibrations produced are complex 
in their nature instead of being pendular. In the method proposed 
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pendular vibrations are employed. Two magnetic-telephones are 
connected up with each other in the usual manner, and a circuit- 
making wheel with a single radial metallic strip is interposed, so 
tbat by the rotation of the wheel the circuit shall remain closed 
for a short interval, which can be determined by the rapidity of 
rotation. If the sound of a tuning-fork giving pendular vibrations 
is transmitted through the circuit a greater or less number of 
these vibrations, or even a fractional part of a single one, can be 
caused to act upon the ear. Suitable precautions are taken to 
avoid the production of extraneous sounds in the circuit itself. A 
properly adjusted microphone transmitter with an induction coil 
may be substituted for the magneto-transmitter, the circuit-making 
-wheel being placed in the secondary circuit. 



Upon a generator in use at Cornell University for produ- 
cing OXYGEN AND HYDROGEN GAS BY MEANS OP THE DYNAMO 

MACHINE. By Prof. Wm. A. Anthony, Cornell University, 
Ithaca, N. Y. 

[ABSTRACT.] 

The generator which forms the subject of this paper has now 
been in use for more than three years at the Cornell University 
with such good results that it is deemed worth while to give some 
account of it. The generator consists of twelve cells, each cell 
being essentiall}' a U tube of white earthen ware with suitable open- 
ings for introducing the electrodes and for replenishing the fluid. 
The electrodes are of platinum foil 2|- X 5 inches, attached to the 
ends of lead tubes which serve at the same time for conveying the 
current and delivering the gas. The openings are stopped by 
paraffined corks, and the tubes from the several cells are connected 
to the general delivery tubes (of lead) in the same way. The 
twelve cells are connected electrically in series. 

In an experiment to determine the maximum amount of gas to 
be obtained by the power at command (about 5 H. P.) the result 
was as follows : 

Amount of both gases evolved in three hours 544.8 litres, or 
.00226 grms. per cell per second. This would correspond to 24.49 
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amperes, while a large tangent gaIvi|nometer indicated 25.22. 
The discrepancy is not surprising as the amoant of gas was deter- 
mined by measuring the rise of the gasholders, foar feet in diam- 
eter, in which the gas was collected, a measarement not calculated 
to give very great accuracy. 

The £. M. F. employed was 123.08 volts, and the energy em- 
ployed 3104.08 watts. 

The useful energy represented by the gases generated was 429 
watts, an^ the efficiency 13.8 per cent. This is a small efficiency, 
but it is evident that it might be much increased for the same ap- 
paratus by using less energy per second, and producing gas less 
rapidly. In another experiment in which only three-fourths as 
much gas per hour was obtained, the usual rate of running the ap- 
paratus, the efficiency was twenty-four per cent. The resistance of 
the cells might be much diminished and their efficiency increased by 
using in place of the U tube, a vessel with a porous partition ex- 
tending to near the bottom. The part of the partition above the 
liquid could be glazed ; but even if it were not, there would be no 
appreciable mixture of the gases through it, since it would be al- 
ways wet. 



Determination op the coefficient of expansion of the 

SPECULUM METAL USED FOR RoWLANd'S GRATINGS. By Prof. 

Wm. a. Rogers, Harvard Observatory, Cambridge, Mass. 

[AB8TKACT.] 

The coefficient of the speculum metal cast by Mr. Brashear with 
the components given by Professor Rowland, and determined 
in this paper, was derived from a half yard and half meter bar 
prepared for Professor Wead of Michigan University. 

The comparisons were made as follows ; 

(a) With the steel screw of dividing engine. 
(5)* With bronze meter R3 
(c)* With steel meter R3 

* See Proceedings American Academy Vol. XVIII, p. 8b2. 
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The following results were obtained. 

From steel screw. FromR, FromR,. 
Absolute coSfficient 10.65/1 17.17/1 10.27/1 

Relatiye coefficient for speculum metal +7.36 +0.82 +7.70 

Absolute coefficient for speculum metal 18.02 17.99 17.97 

The absolute coefficient of this particular piece of metal is 
therefore 17.99jtt for each degree Centigrade. 



Additional observations confirming the relation: 

metre de8 archives = imperial yard + 3.87027 inches. 
By Prof. William A. Rogers, Harvard Observatory, Cam- 
bridge, Mass. 

[ABSTRACT.] 

Since the determination of the relation between the yard and 
the meter, communicated to the Association at the Minneapolis 
Meeting, additional data bearing upon the subject have been ob- 
tained. It will be remembered that the relation was derived from 
a yard and meter laid off upon a bar of bronze having the same 
form and dimensions in cross section as the Imperial yard. 

A ^ C 

Representing the yard by the line AB^ and the meter by the line 
-40, the operation consisted : — 

(a) In the determination of the length of AG in terms of the 
Metre des Archives, Aq through a comparison with a meter upon 
copper traced and standardined by Tresca and with a meter upon 
brass belonging to the Stevens Institute and compared with Type 
I of the International Bureau of Weights and Measures at Breteuil 
by Dr. Benoit. 

(6) In tlie determination of the length of AB in terms of the 
Imperial Yard through comparisons with "Bronze 11 '* belonging to 
tiie United States Coast Survey and with a yard upon brass belong- 
ing to the Stevens Institute which has been compared directly with 
the Imperial Yard by Mr. Chaney, Warden of the Imperial 
Standards. 
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(c) The determination of BG in terms of either AB or AC, 

Under these divisions the following additional data have been 
obtained : 

(a) In my paper Studies in Metrology, Proceedings of the 
American Academy, Vol. XVIII, p. 382, the following relations 
are given : 

From a comparison of the bronze metre R3 and the steel meter 
Ri with the Tresca metre T, designating the metre des Archives 
by A, we have : — 

Ri** — Aq= — 8.2/i. 
Ra*' — Ao=+1.5m. 

From a comparison of the metres Ri and R2 with the Stevens 
Institute Meter designated C S, 

Ri*' — At> = — 2.5/i. 
B/ —Ao = +l.lfi. 

The values of the coefficient of expansion for the bars T, CS, 
Ri and R2 were found as given on page 380, viz. : 

For T, coefficient for 1*C. = 16.18/*. 
ForCS, " " " = 17.60/£. 

For Ri, " " " = lO.llAt. 

For R3 " " " = 17.17fi. 

The length of the meter C S was derived from the provisional 
relation communicated by Dr. Fernet, viz. f 

C S at 0°C. + 310.0/* = Ao. 

The coefficient of expansion of this metal determined at 
Breteuil had not been communicated at the time of the publication 
of my paper. It was, therefore, necessary to use the value given 
above, viz., 17.60/i in the reduction to 16.67° C. or to 62.0° 
Fahr. 

In February last, I received from Dr. Fernet not only the exact 
observed relation between C S and Type I of the Bureau, but also 
the adopted value of the coefficient for this bar. The following 
are the relations communicated : 

CS + 310.7m = Ao. 
Coefficient of C S = 17.71/1 for each degree C. 

Substituting these values for those originally employed, we 
have the following relation between Rg and Aq : 
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From the Tresca meter, R^*' — Aq == +1.5/£. 
From meter C S, [Rogers,] Eg*' — Aq = +1.1^1. 
From meter C S, [Benoit,] Eg*' — Aq =+2.3/*. 

(b) In the reduction of the comparisons of the yard Ra*" with 
* 'Bronze 11," the relation 

" Bronze 11 " + .000088 inch = Imperial Yard, 
as determined by Hilgard and Chaney, was employed. From 
the Report of the Standard Department for 1883, it appears that 
Pierce found the relation 

" Bronze 11 " + .0000022 inch = Imperial Yard. 

Substituting the latter relation for the former, I find : 
From mean of observations by Mr. Edwin Smith' and myself, 
Ra*' — 0.2/* = Imperial Yard. 

From the relation between C S and the Imperial Yard given by 
Mr. Chaney, 

Ra** — 0.9/£ = Imperial Yard. 

(c) For the determination of the distance BCb. combined decim- 
eter and four-inch space have been laid off upon speculum metal. 

The fourth inch is subdivided to tenths of inches and the fourth 
tenth is subdivided to thousandths of an inch. The decimeter is 
subdivided to centimeters. The eighth centimeter is subdivided 
to tenths and the fifth tenth is subdivided to hundredths of milli- 
meters. 

The preliminary measures by means of this auxiliary scale give 
a result slightly less than the value found in 1883. The observa- 
tions will be repeated several times before the final result will be 
announced. 

So far, the effect of these additional data has been to diminish 
slightly the value of 3.37027 inches, but the final result cannot 
fall below the relation first announced, viz., 3.37015 inches. 
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A METHOD FOR THE PRACTICiLL EXAinNATION OF RAILWAT EMPLOT- 
ifes AS TO COLOR BLINDNESS, ACUTENESS OF VISION AND HEAR- 
ING, WITH THE RESULTS OBTAINED BT IT ON THE PENNSYLVANIA 

RAILROAD. By William Thomson, M.D., Prof, of Ophthal- 
mology, Jefferson Medical College, Philadelphia, Pa. 

Shortly after the demonstrations of Prof. Holmgren in Sweden 
of the dangers in transportation to persons and property on laud 
and sea from color-blindness, the writer called the attention of the 
officers of the Pennsylvania R.R. to the subject ; and at the request 
of the President Mr. Thos. A. Scott, and the Vice President 
Mr. Frank Thomson, he undertook to solve the problem of eliminat- 
ing these dangerous men from their services. To his first statement 
that there were probably four per cent of men incapable of distin- 
guishing unerringly between red and green flags by day, or lights by 
night, it was responded that their signals alone would detect such 
men, and force them from their places, since, as we all know, the 
most imperative orders in railway administration are transmitted 
through the visual organs, in the White of "Safety" the Green of 
"Caution", and the Red of "Danger", and it was considered by 
the officers of the road impossible for men color blind to pass the 
thousands of signals in daily use on their thousands of miles of 
road without detection. A very slight search dispelled this idea, 
and a demonstration of the defect before the Society of Trans- 
portation Officers of the Pennsylvania Railroad aroused the 
members of it to the dangers to be feared, and led to the appoint- 
ment of a special committee to aid the writer in completing a 
system which would have practicable value, with the General 
Manager Mr. Pugh, as its Chairman, to whose keen interest much 
of its success now is due. 

The magnitude of the task then began to appear, when the 
forty or fifty thousand employes of five thousand miles of track, 
with their ten or twelve thousand men actually dependent upon 
signals of color for their guidance, of whom four per cent might 
be color blind, and ten per cent so defective in visual power for 
form, and hearing, as to render them dangerous, arose before the 
imagination. To have adopted the method of Holmgren, by 
which an accomplished ophthalmic surgeon would conduct the 
examination of each man, would have demanded years of his entire 
time, would have been so tardy as to allow large additions to the 
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force before it could be accomplished, and was soon rejected as im- 
practicable ; neither was it thought possible to train a suflBcient 
number of the company's surgeons to perform this special task with 
fairness to the men, and safety to the company. 

To secure the cooperation of the employes, the oflOlcers needed 
a. system that could be applied locally on each division quietly and 
confidentially, and at the convenience of the men, without com- 
pelling them to lose much time. Any undue publicity or inexor- 
able law that would compel the summary discharge of from ten 
to fifteen per cent of their trained operatives would have disorgan- 
ized the service, and destroyed the discipline of the company ; 
and for their own protection and as a duty to the public the 
oflacers were willing to piit on trial any practicable scheme, without 
the pressure of any over-anxious public opinion or hostile legisla- 
tion. 

These, and other considerations of weight, led the writer to the 
invention of an instrument (Fig. 1) for the examination of the color 
sense which could be eflSciently used by any intelligent instructed 
oflScial, and a record of it permanently kept for the information of 
the ofiScers, and as a guide for the action of any surgical expert 




lll«Ml|MliPll>PiB««^ 



FlO. 1. DR. THOMSON'S COLOR TEST. 

whom the road might appoint to superintend the entire system. 
This consists of forty skeins of wool, each one attached to a but- 
ton, having the figures from one to forty inscribed on them, sus- 
pended from two flat sticks, so arranged that the numbers are 
concealed. Holmgren's method of matching colors is adhered to, 
and the test colors to be matched are green, rose, and red ; the 
skeins from one to twenty being used for green, those from twenty- 
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one to thirty for rose and from thirty-one to forty for red ; upon the 
odd numbers are suspended green, rose, and red skeins, upon the 
even ones those "confusion colors" which the experience of the 
writer had taught him would be the most likely to be selected by 
the color blind. In its use a green skein is placed before the per- 
son at a few feet distant, and he is directed to select those of that 
color from the stick, and to turn them away, or throw them over ; 
then the rose, then the red : and as this is done for each test skein, 
the numbers upon the buttons are inspected and recorded upon 
a blank. So simple is this system, that the division superintendent, 
who is responsible for the examination, may forget all its details 
if he but remember that upon the blanks submitted to him for his 
action must appear only odd numbers, and that if the even ones 
are mingled the case is one of color blindness. 

For the acuteness of vision the best and most simple method 
is to employ letters of known size at given distances ; and as we 
might meet with men who could avail themselves of opportunities 
to learn by heart, those of "Snellen," ordinarily used, the writer 
had a rotary disk constructed on the same principle whereby but 
a few letters were exposed, but many more could at will be 
brought into view when desired. 

For the hearing, a watch and the voice in conversation were 
used. 

These instruments, together with the rules and regulations 
submitted to you, won the approval of the committee of rail- 
road officers, were put into practical use in two thousand prelim- 
inary examinations, were adopted by the highest officers, accepted 
by the Board of Directors and ordered to be put in force upon the 
entire road under the supervision of the writer as their surgical 
expert. His duties were to assure himself of the accuracy of all 
instruments, to give instructions to the examiners of the different 
divisions in their use, to give his opinion upon any doubtful cases, 
their blanks being placed before him, and to examine personally 
any men sent for the purpose, and to render fit for service by 
medical, or surgical treatment, or by proper correcting glasses, any 
capable of such relief. 

From an inspection of the blanks and a knowledge of the men, 
the division superintendent could deal with most of the cases by 
suspending or transferring them to other duties. The blanks of 
the color-blind and those much below the standard of vision were 
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transmitted to the surgical expert and, upon his advice, the men 
could be sent to his office, where the color-blind were re-examined 
by the " stick" by Holmgren's method, by that of " Stilling" ad- 
vised by the last International Congress, and by Bonders' instru- 
ment by which the lights of the lamps and signals at night are so 
perfectly imitated in color, size and intensity, and the degree of 
color defect measured by means of the ratios that exist between 
the sizes of the openings transmitting the light, and the distances 
at which the man may be placed ; the small opening should be 
seen by the normal eye at five metres, being in diameter one mil- 
limeter, whilst the largest, 20 mm., when used at five metres shows 
^\y of color sense when not recognized, or at one metre, shows -^^jy, or 
at ^ of a metre or one foot, shows but -^ic^ of color sense, and many 
fail to distinguish the light at this short distance ; finally by coarse 
tests such as colored glasses placed in front of large gas lights, and 
by flags near at hand. No color-blind man has lost his place with- 
out the satisfaction of a professional examination, and a full 
demonstration of his defect in most instances even to his own sat- 
isfaction. 

Should he fail to see the red, for example, at five metres, of the 
large opening in Bonders* instrument, or of a gas light with a red 
glass before it, calling it green, he would be directed to obey the 
green signal and approach it slowly, walking up to it until, when 
within one metre, perhaps he might recognize it as the danger sig- 
nal, when too near to prevent an accident. Color-blindness, it must 
be remembered, is, in some respects, like deafness, and with the 
various degrees of it, there are diflPerent possibilities of disaster. 

No excitement has arisen, no interference with the business of 
the road, no color-blind man has escaped detection, very few mis- 
takes have been made by the examiners, not a single word has been 
changed in the instructions, and there is nothing to amend, except, 
perhaps, to make the color-stick into a smaller, more elegant and 
self-registering instrument. 

One simple test not hitherto mentioned has been used in the first 
moment of my examination ; by placing a piece of cobalt-blue glass 
in front of the man's eye, and directing him to look at a light of 
moderate size like a candle, at twenty feet distance, this glass 
will transmit both blue and crimson light, and the normal eye sees 
a rose-colored flame surrounded by a blue hale, whilst the color- 
blind sees no red, but only two shades of blue, and so describes it. 
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That the color-blind depend upon the relative intensity of the 
lights to distinguish them is shown by the fact that if over a clear 
light we place a medium shade of London smoke glass it will prob- 
ably be called "green," whilst a deeper one will be called '*red." 
In like manner, if a red glass, then a green one, are placed before 
the light, and then tints of red and green of other depths, tbe man 
will often call one red, red ; and other red, green ; or vice versa. 
In the display of flags that have been in use, a ver}' bright or clean 
red one having been correctly called, if it is thrown carelessly near 
so that it can be compared by the man, and another, somewhat 
soiled, be shown, be may pronounce the latter green, and adhere 
to the opinion even when he takes it in his hand, being misled by 
the brightness of the cleaner one, and the relative dullness of the 
other. 

A photograph print of the color stick will give in its tints only 
various ones of gray, since, as we know, colors are incapable of 
being rendered by this total color-blind process, whereas color-blind 
men have lost but the red and green, preserving perfectly the power 
to see yellow and blue. If now we were to paint blue that part of 
the print between 21 and 30, we who are not color-blind could form 
a clear conception of its appearance to color-blind persons and ap- 
preciate how impossible it must be for them to conceal their defects 
under the investigation of the color-stick. Rose, being composed 
of red and blue in equal quantities, appears as a tint of blue to the 
red blind. 

It has not been the duty of the writer to investigate cases of 
accident which might have been caused by defects of sight, but he 
has been assured by officials that a solution will hereafter be found 
in them for those hitherto insoluble mysteries where men, otherwise 
credible, have so flatly contradicted themselves and the circum- 
stances of the case. By one prominent officer he was told that, 
being upon a train at night, delayed by some slight accident, he 
himself took a red lantern and, going to a proper distance back, 
plt^ced himself on the track in the way of an on-coming train, 
but, finding bis light not observed, he was compelled to dash it 
into the cab to attract the engineer's attention and arrest him in 
his progress to a •collision. Upon the examination of another en- 
gineer, his superior officer being present and convinced of his 
marked color-blindness, remarked that but a short time before, this 
man had run into the rear of a train properly protected by a red 
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light in the hands of a hrakeman some distance in the rear, that 
the most careful investigation only resulted in the suspension of 
the hrakeman for not having gone far enough hack, hut that he 
was now satisfied that the color blindness of the engineer had been 
the real cause of the accident. 

It may be safely assumed that in the various emergencies of a 
railroad service, day and night, the year round, if an accident 
could occur from such and such contingencies, that it will be but 
a matter of time when it will become a verity. 

Some slight or minor accidents recently led to the discovery that 
an engineer had by some oversight not been tested in his division, 
and this led to his examination and detection there, and to his con- 
viction by the writer as color blind. 

Still another case now presents itself: an engineer some time 
ago ran over and killed a hrakeman holding a danger signal on 
the track in front of his engine, and no satisfactory explanation 
could ever be given, but the division examiner predicted that he 
would probably be found color-blind ; on his examination this proved 
to be the case. 

In a recent popular article on Control of Vision, Dr. Jeffries, 
who has done more than any one in this country to call attention 
to its dangers, laments the entire failure in Connecticut, and the 
partial failure in Massachusetts, to obtain efficient legislation to 
compel railroads to expel their deficient men. He tells us of the 
like condition of things in England, and finally adds that the 
Pennsylvania Railroad alone has availed itself of scientific advice. 
Perhaps if the system adopted by it /had then been described and 
urged as most in keeping with our institutions, we might hope to 
see all the roads in the country following its example ; but the ad- 
vice which might be accepted, if proffered in a practicable manner, 
has been hitherto urged upon the officials by means of hostile news- 
paper articles, and agitation for legislation to place their entire 
signal force at the mercy of state-appointed examiners who might 
disorganize it and bring it into great confusion. 

There seems to be a natural hesitation on the part of medical 
men to place the examinations for color-blindness in the hands of 
laymen, and an equal unwillingness on the part of railroad officials 
to submit their force to the inspection of a numerous corps of 
medical examiners. The solution is found in the use of the instru- 
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ments described, wbich merely enables non-professional persons 
to make a record of certain selections and place them on paper, 
Tvhere they can then be submitted to a surgical expert who can as 
YfeW decide upon that evidence as though he were present at the 
examination, with the understanding that all suspicious cases are 
to be examined by him in person. 

What is gained by this ? The expense under the law passed in 
Massachusetts and Connecticut was estimated to be from two to 
three dollars per man, to be paid by the roads, and with a penalty 
for the employment of any man not provided with the certificate 
of an expert appointed by the Governor of the state. For this sum, 
say three hundred dollars per one hundred men, the road could be 
informed that ten to fifteen employes were unfit for its service ; no 
provision having been made for the correction, by glasses or other 
treatment, of the trained men, otherwise so valuable, and no time 
being allowed to replace men especially fitted for certain duties ; 
and the roads were to be thus taxed for the more than decimation 
of their entire force, whilst the employes were subjected to a pit- 
iless scrutiny that would end in the summary dismissal of about 
fifteen per cent from the discharge of duties for which they had 
spent perhaps years of training. It can easily be understood why 
such a law would be resisted by all the political or other influences 
of the entire railway force in a state, from the directors and pres- 
idents to the lowest employes, and should awaken also the oppo- 
sition of the holders of its securities. 

By the system adopted on the Pennsylvania Railroad, the men 
below the standard are detected unerringly by their own oflScials ; 
those color-blind are sent to the surgical expert and after his de- 
cision, are yet retained in the service where possible, being placed 
where their defects can work no harm. Any valuable man below 
the standard of visual power can be sent for treatment, if the offi- 
cers so decide, or the men can elect to have their cases treated 
elsewhere upon the condition that they can pass the proper exam- 
ination afterwards. The one plan, it is evident, is expensive, 
irritating to the whole personnel and disorganizing ; while the other 
is economical, confidential and orderly. By a wise liberality in 
aiding men to have their acuteness increased by proper glasses the 
oflScers of the road have been able to carry out their wishes without 
any noticeable opposition from the employes, and have thus efiTected 
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for hundreds what would otherwise have cost them thousands of 
dollars, if any plan hitherto proposed had been adopted. Since 
only the color-blind and those needing surgical skill have been sent 
to the expert, he has not been in a position to give statistical tables 
of the examinations, and he therefore submits the following letter 
from Mr. Charles E. Pugh, the general manager, to substantiate 
his statements and bear witness to the success of the entire 
system. 

Pennsylvania Railroad Co. 

Office of the General Manager, 
233 So. Uh St., Philadelphia, Fa., April 26, 1884. 

Dr. Wm. Thomson, 

Surgical Expert, Penn. R. R. Co., 
1426 Walnut Street, Philadelphia. 

Dear Sir : The practical examination of our employes as to their acnte- 
ness of vision, color-sense and hearing, in accordance with the system 
proposed to us by you and carried out under your supervision, has been 
extended to all the various divisions of the Penn. Railroad, has embraced 
nearly all of the men engaged In duties requiring the use of signals now 
in the service and will be used hereafter in the selection of men placed on 
such duty, or In the employment of new men entering our service. 

In approaching the completion of the task of examining those now in 
our service (more than twelve thousand employes having now been sub- 
mitted to your system), I desire to express to you our entire satisfaction 
with the rules and regulations, tests and instructions prepared by you, as 
well as with the personal supervision instruction of examiners, and exam- 
inations and decisions upon doubtful cases and persons referred to you for 
final action. 

Our division superintendents and their staff ofQcers have been able to 
deal promptly with the great majority of defective men and thus avoid 
the necessity of availing themselves of that clause In the instructions which 
provides for an expert examination in each suspected case, and have in 
this way carried out your purpose without undue excitement among the 
men, in a speedy and confidential way, and with economy to the company. 

The proportion of those defective in color-sense, vision and hearing was 
found by the examination of two thousand men before the adoption of this 
plan to be 4 per cent of the first and about 10 per cent of the latter, and I 
am satisfied from my reports that all those thus deficient are being relieved 
of duties which they cannot perform, and that the great dangers to the 
public and to the other employes of loss of life, and to the company of 
possible destruction of property, have been averted, so fer as their defects 
are concerned. 

I am frequently asked by prominent officers of other railways and gov- 
ernment officials to give an opinion as to the practical usefulness of our 
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system of examination, and it affords me much pleasure to emphat- 
ically commend it in all its details ; and I feel that we have good reason to 
be satisfied with this the first successful attempt to bring the entire body 
of men engaged in signalling upon a railway in our couutry, under control 
by the practical application of scientific facts. Having eliminated these 
dangerous persons from our present force we propose to Iceep it free from | 

them in the future by a steady application of our present system. | 

Yours truly, 

Chas. E. Pugh, 

General Manager. 

To this great corporation, extending through six states, oper- 
ating five thousand miles of track, with nearly if not quite fifty 
tliousand employes, and responsible for the lives of millions of i 

people each year, must be accorded the honor of having been the 
first to obtain the desired control of the visual defects of their'men 
by a wise and intelligent application of scientific laws. 

Their example has been extensively followed elsewhere and their 
instrument has been obtained by more than thirty other roads from 
the manufacturer. It has also been ordered by "The Board of , 

Trade of England," by many distinguished medical men abroad, 
and has recently been, with the entire system, adopted and will 
no doubt, be put into operation by a director of the Southwestern | 

Road in England. There is no longer any reason why losses of 
life and property should occur in railway service from visual de- 
fects ; and an enlightened public opinion should now insist upon 
the adoption of some similar plan upon the hundred thousand other 
miles of railway now being operated in our country. 

Having been placed as the American representative on the com- 
mittee on Control of Vision at the International Congress in 
London three years ago, I have urged upon the Naval Committee 
of our Congress the value of this large experiment with a view to 
have a law passed to form an International Commission to establish 
a uniform system of signals, examinations, etc., both on the laud 
and on the water. There is no doubt that accidents must occur 
on the sea, and the recent loss of the Tallapoosa has not only been 
ascribed to a wrong interpretation of the colored signals, but the 
commission appointed to investigate the accident have been espec- 
ially directed to examine for color-blindness the lookouts on the 
ships. 



Digitized by 



Google 



PHTSfCS. 129) 

Notes on aneroids. By Prof. M. W. Harrington, University 
of Michigan, Ann Ai'bor, Mich. 

fABST&ACT.l 

1. The popularization of the barometer. This can best be 
done with the aneroid ; fairly accurate ones should be retailed at 
a low price. 

2. Improvements of the aneroid for accurate measurements. 
The three or four recent German modifications are briefly described 
and discussed. 



An absolute SENsnoHSTER. By Prof. G. W. Hough, Director 
Dearborn Observatory, Chicago, 111. 

[ABSTRACT.] 

Various methods have been employed for ascertaining the sen- 
sitiveness of photographic plates, but we do not know that any 
hitherto used are capable of giving directly the sensitiveness as 
refeiTcd to any convenient standard. The use of blackened gela- 
tine films may give sufficiently reliable results, but from the nature 
of their construction, no two instruments will be precisely alike, 
and even in the same instrument there is no definite relation be- 
tween the different parts of the scale. 

The use of a series of tubes having unequal areas might answer 
under certain conditions, but such an apparatus would be compli- 
cated. 

It occurred to me that if a perforated disk was made to revolve 
in front of a scale of numbers, the light received by each would 
be directly proportional to the angular opening in the disk. To 
illustrate, suppose we have a semicircular disk, which is made 
to revolve rapidly, then any number covered by it when in 
rotation would receive only one-half as much light as one outside 
of its circumference. If the disk revolves with sufficient speed 
both numbers will be constantly visible to the eye, but one will 
receive only one-half as much light as the other. On this prin- 
ciple is based the sensitometer about to be described. 

Let any scale of numbers from to 100 be photographed or 
painted on clear glass or the numbers may be engraved on a black- 

A. A. A. S., VOL. XXXin. 9 
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ened glass plate. The plate to be tested may then be placed be- 
hind it, to make a contact negative. In front of the scale, the 
snail or perforated disk may be rotated so as to give each number 
its proper amount of illumination, the light being a standard 
candle at one foot distance. 

If the time of exposure be one second, and the last number vis- 
ible in the negative is two, the equivalent exposure will be 

1 X tJtt = ■5\7 sec. 
If another plate under the same condition shows the number 4 in 
the negative, its equivalent exposure will be ^ second. The 
reciprocal of these fractious will be the direct measure of sensi- 
tiveness. 

In other words, the apparatus will give the actual time required 
for the light of one standard candle at one foot distance to make 
a legible record, and this time is the standard of sensitiveness ; 
the only source of error will be in the standard candle. 

In testing rapid emulsion plates, it is desirable to place the 
standard candle at eight or ten feet distance, in order that the 
error in making the exposure may be reduced to a minimum. 



An experiment for illustrating the conversion op mechani- 
cal ENERGY INTO HEAT. By Pl'Of. ChAS. E. MuNROE, U. 

S. Naval Academy, Annapolis, Md. 

[ABSTRACT.] 

A PERFORATED cork having been attached to the arbor of a 
Griscom electro-motor, a test tube is inserted in the cork. A wad 
of gun cotton is placed in the test tube and the tube corked. On 
setting the motor in revolution, sufficient heat is generated to fire 
the gun cotton and blow the cork from the tube. 



On THE VARIATION OF THE RESISTANCE OF CARBON UNDER PRESSURE. 

By Prof.T. C. Mendenhall, Ohio State University, Columbus, 
Ohio. 

[ABSTRACT.] 

The variation of the resistance of carbon under varying pressures 
has been made the subject of investigation by a number of phy- 
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sicists. The conclusion which seems to have been most generally 
reached was that such variations are due to changes in the surface 
contact of the poles with the carbon, rather than to any internal 
changes in the carbon itself. In April, 1882, the author had 
prepared an account of some experiments upon soft carbon, as 
used in Edison's Tasimeter, which was read before the National 
Academy and afterwards published in the Am. Journ. of Science, 
for July, 1882. In this paper he had ventured the opinion that 
variations in surface contact would not account for all of the ob- 
served facts. 

This conclusion ^adbeen criticised by Professor Sylvanus Thomp- 
son who quoted experiments made by Professor Barrett and Mr. 
Herbert Tomlinson in support of his objections. 

The matter had been taken up again by the author within the 
past few weeks and new experiments had been made to test the 
question* In these experiments mercury contacts had been ex- 
clusively relied upon. 

In the case of hard carbon the pressure was not applied through 
the condudting contacts. The results of many experiments showed 
without a single exception, a diminution of resistance accompany- 
ing an increase of pressure. In this conclusion the author found 
himself supported bj' Mr. Herbert Tomlinson in a paper read before 
the Royal Society on the "Influence of stress and strain on the 
action of physical forces." 

The soft carbon used was of the form previously referred to. 
The disk of carbon was confined between two bevelled glass tubes, 
so as to form a V-shaped apparatus, with the carbon held between 
the two branches at the vertex of the angle. 

Pressure was applied by pouring mercury in both arms to any 
desired height, and connection with the mercury was made by means 
of platinuHQ wires sealed in the tubes. Very decided results were 
obtained by varying the pressure upon the carbon. Other experi- 
ments were described in which the attempt was made to determine 
whether, under such circumstances, a variation in surface contact- 
between the carbon and the mercury would occur, to a sufficient 
degree to account for the facts observed with the V tube. The 
results obtained, were such as to convince the author that there was 
little doubt but that there existed a real change in the specific 
resistance of the carbon due to changes in pressure. 
It was unfortunate, however, that the pressure, in this case, was 
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applied through the condncting faces of the carbon. It seems al- 
most impossible to avoid this in the case of soft carbon, but the 
author proposed to continue the investigation and to remove, as 
far as was possible, every objection to the methods employed. 

The so-called "crucial experiment" of Professor Barrett was 
referred to and it was shown to be faulty, in that the pressure had 
been applied to on'e face only of the carbon disk, and proper pre- 
cautions had not been taken to insure the absence of air bubbles. 



A POSSIBLE METHOD OP ELECTRICAL COHMUKICATION BETWEEN VES- 
SELS AT SKA. By Dr. A. Graham Bell, Washington, D. C. 

In a paper read before the American Academy of Arts and 
Sciences (Dec. 11, 1878)^, I described a modification of a method 
of tracing equi-potential lines and surfaces employed, by Prof. 
W. G. Adams 2 and other observers. The chief point of difference 
lay in the use of a telephone in place of a galvanometer, and in 
the employment of a rheotome, to interrupt the battei-y circuit 
with great rapidity. In this paper I described the following exper- 
iment which suggested to my mind the method now proposed as a 
possible method of communication between vessels at sea. 

Take a basin of water, introduce into it, at two widely separat- 
ed points, the two terminals of a battery-circuit which contains 
an interrupter making and breaking the circuit very rapidly. 
Now at two other points touch the water with the terminals of 
a circuit containing a telephone. A sound will be heard, except 
when the two telephone terminals touch the water at points where 
the potential is the same. In this way the equi-potential lines can 
easily be picked out. Now to apply this to the case of a ship at 
sea: suppose one ship to be provided with a dynamo machine 
generating a powerful current, and let one terminal enter the water 
at the prow of the ship, and the other be carefully insulated, except 
at its end, and be trailed behind the ship, making connection with 
the sea at a considerable distance from the vessel ; and sup- 
pose the current be rapidly made and broken by an interrupter : then 

1 See Proo. of the Amer. Ac. of Arts and Science; also Nature, Vol. XIX, p. 211. 
9 Phil. Mag., Dec. 1875, Vol. L, p. 648. 
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the observer on a second vessel provided with similar terminal 
conductors to the first, but having a telephone instead of a dynamo, 
will be able to detect the presence of the other vessel even at a 
considerable distance. 

This idea has been tested on a small scale with very promising 
results. A small boat, containing an interrupter and several cells 
of Leclanch6 battery, was moored upon the Potomac River in 
charge of an assistant. I then proceeded down the river in an- 
other boat containing a telephone. The circuits were arranged as 
described above. At the farthest distance tried — which appeared 
from the map to be about one mile and a quarter — the sounds pro- 
duced by the action of the interrupter were distinctly but feebly 
heard. The experiment was not so successful when tried in salt wa- 
ter. I have hitherto refrained from publishing these ideas, as Erof. 
John Trowbridge, of Harvard College, communicated to me a year 
or so ago a very similar method which had occurred to him inde- 
pendently, and which I hoped he would publish. As this has not 
been done, and as the whole subject appears to me to be of import- 
ance, I have, with the permission of Prof. Trowbridge, ventured 
to bring it before your notice. Prof. Trowbridge proposed to utilize 
his method as a means of preventing collisions in a fog. He 
believed that by suitable modifications the ofl3cers of a ship might 
not only be able to detect the presence of an approaching vessel 
before dangerous proximity had been reached but might also be 
able to determine its position. 

As Prof. Trowbridge himself is present it will be unnecessary 
for me to describe; his method in detail. 



On the intensity of sound. II the energy used by an oroan 
PIPE. By Prof. C. K. Wead, University of Michigan, 
Ann Arbor, Mich. 

[ABSTRACT.] 

In a previous paper the subject of the energy of vibration in tun- 
ing forks has been considered ; and now, passing to gaseous bodies, 
we have to consider the energy per second that must be communi- 
cated to an organ pipe to maintain its sound. The general method 
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is that described by Mr. Bosanqiiet (Phil. Mag. 1872) but the 
experiments are much more accurate. 

I. Drawing a single stop on the organ eight keys were pressed 
and the volume of air used per second found : from this of course 
the leakage is deducted, and the product of the remainder by the 
pressure on the bellows gives the work done. This was repeated 
in various parts of the scale and with various stops. It is very 
clear from the results that the efl3ciency of pipes of diflferent stops 
is very different, as organ builders well know, and that a reed pipe 
is far more efficient mechanically than a flue pipe. 

II. Drawing all the nine stops of the great organ and pressing 
a single key, we find the relative work done in different parts of the 
scale. The results may be well expressed by an exponential 
curve whose ratio is found by least squares to be .59 for the octave 
in most cases. But the common organ-builders' rule is to make 
the 17th pipe half the diameter of the first ; assuming here an ex- 
ponential series, the diameter of the pipe an octave above the first 
would be the |^ power of ^ which equals .5946. We must con- 
clude therefore that Topfer's rule endorsed by Mr. Bosanquet, 
according to which the ratio should be exactly .50, is true 
neither theoretically nor experimentally. 



A PRELIMINARY NOTE ON THE ACTION OF ACIDS UPON IRON IN THE 

MAGNETIC FIELD. By Piof. Edward L. Nichols, University of 
Kansas, Lawrence, Kansas. 

[ABSTRACT.] 

When iron in the magnetic field is destroyed by acids, a process 
is performed which may be considered equivalent to its withdrawal 
by mechanical means to a position of zero potential. Since in 
such a process energy must be expended, we might expect the 
heating effect of the reaction to differ within and without the field 
by an amount equivalent to the energy necessary to withdraw the 
iron mechanically to an infinite distance. The author has com- 
pleted a series of preliminary experiments to determine the charac- 
ter and amount of this difference. An electro-magnet was placed 
with its poles beneath and in contact with the bottom of a small 
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"beaker. Within the beaker were placed five grs. of iron filings 
and 100 cc. of aqua regia. A sensitive thermometer served to 
show the temperature of the solution. 

It was found, contrary to expectation, that the rise of tempera- 
ture was much greater when the magnet was in circuit than when 
it was not acting. For purpose of comparison the reaction was 
repeated many times alternately with and without the current, 
care being taken that the conditions save those due to magnetiza- 
tion were in all cases the same. 

The average rise of temperature in fourteen consecutive meas- 
urements was : 

Magnet acting, 68.°7 
Magnet not acting, 48. °7 

The author's assistant, Mr. W. S. Franklin, repeated these 
measurements with the calorimeter. The mean of ten measure- 
ments showed the number of thermal unfts per gramme of iron 
consumed, to be : 

Magnet acting, 1288.8 Calories. 
Magnet not acting, 1035-0 „ 

The heat produced in these reactions was less than that obtained 
by Andrews by the combustion of iron in chlorine (1745 calories). 
Whether the product is in both cases a mixture of Fe2Cl2 and FeaClg 
the ferric salt predominating when the magnet is acting, or 
whether, as has been suggested to the author, new salts are pro- 
duced under the influence of the magnet, further experiments 
must determine. 



Local and topical weather cards. By W. M. Davis, Har- 
vard College, Cambridge, Mass. 
By employing a method of graphic transference, described in 
Science, Apr. 4, 1884, two sets of cards are prepared : one]showing 
the various kinds of weather experienced at certain selected sta- 
tions, as controlled by distance and direction from the temporary, 
dominating region of high or low pressure ; the other showing the 
distribution of certain single features of weather gathered from 
many stations and grouped in their proper attitude with respect to 
centres of high or low pressure. The first of these serves to dis- 
cover what modifications of the general weather forecasts are 
needed for the stations for which they are applied. The second 
illustrates the limitation of certain phenomena, such as tornadoes, 
to relatively small parts of their parent cyclones. 
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Ok a proof of contact theory of electricitt. By Prof. A. 
E. DoLBEAR, Tufts College, Mass. 

[ABSTIUCn.] 

Proof consists in employing a magneto telephone which is con- 
nected to a wire whose ends consist of plates of different metals, 
€. 9., zinc and carbon, or copper. These plates are then made to 
touch each other. Each touch may be heard, and if one terminal 
of the wire vibrates, like the prong of a tuning fork, against the 
other terminal, the rate of the vibration can be heard ; thus show- 
ing the electrification and discharge by contact. 



On comparative cost of electric light and oxyoalcidm 
LIGHT. By Prof. A. E. Dolbear, Tufts College, Mass. 

[ABSTRACT.] 

The paper assumes an expenditude of 8 cu. ft. of oxygen per 
hour for oxycalcium light and the amount of energy represented 
by that amount of oxygen, compares the mechanical equivalent 
and horse power, representing 2.4 horse power, yielding, say, 200 
candles. Same amount of electrical energy spent in arc, gives 
about 2000 candle power and in incandescent about 200. 



Electric discharges in relation to the equilibrium of gas- 
eous atmospheres. By Prof. James Dewar, Cambridge, 
Eng. 

[ABSTRACT.] 

The experiments detailed in this paper had reference to the 
variation in the amount of acetylene synthetically produced under 
different conditions of pressure and electric discharge. 
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On the distribution of potential in conductors experi- 
encing THE electromagnetic EFFECTS DISCOVERED BT HaLL. 

By Sir William Thompson, University of Glasgow, Scotland. 

On a STANDARD TANGENT GALVANOMETER. By Prof. SiLVANUS 

Thompson, University College, Bristol, England. 

On the GOVERNMENT OF ELECTRIC MOTORS. By Prof. SiLVANUS 

Thompson, University College, Bristol, England. 

Change in rainfall of Virginia. By J. R. Purdie, M. D., Smith- 
field, Isle of Wight Co., Va. 

The Princeton meteorological observatory. By Prof. William 
LiBBET, jr., Princeton, N. J. 

A form of apparatus for DETERMINING THE DIATHERMACT OF AIR 

AND GASES. By JoHN R. Paddock, Stcvcns Institute, Hobo- 
ken, N. J. 

A PROPOSED METHOD OF DETERMINING THE MAGNETIC DIP BT MEANS 
OF A MAGNETIC PENDULUM. By MaRCUS BaKER, U. S. Coast 

and Geodetic Survey, Washington^ D. C. 

Description of a galvanometer for demonstrating the internal 
current transmitted through the liquid within a voltaic 
CELL. By Conrad W, Cooke, C. E., Westminster, Eng. 

Thermal belts. By Prof. J. W. Chickering, jr.. Deaf Mute Col- 
lege, Washington, D. C. 

Geometrical methods in the theort of refraction at one or 
MORE SURFACES. By Prof. James Loudon, University College. 
Toronto, Canada. 

Some relations of positive and negative electricity. By Dr. 
H. W. Eaton, Louisville, Ky. 

A method of distributing weather forecast by means of rail- 
road trains, etc. By John A. Miller, Cairo, 111. 
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Note on the periodic modification of electro-static induction. 
By Prof. H. S. Carhart, N. W. University, Evanston, 111. 

On the sensitiveness of the ete to colors of a low degree of 
SATURATION. By Prof. E. L. Nichols, University of Kansas, 
Lawrence, Kansas. 

A SPECTROPHOTOMETRIC STUDY OF PIGMENTS. By Prof. E. Li, 

Nichols, University of Kansas, Lawrence, Kansas. 

First steps toward a general system of obseryations of at- 
mospheric electricity. By Prof. Cleveland Abbe, Wash- 
ington, D. C. 

Organization of seismological obseryations. By Prof. 
Cleveland Abbe, Washington, D. C. 

Methods op verifying weather probabilities. By Prof. 
Cleveland Abbe, Washington, D. C. 

Standards of barometry and thermometry. By Prof. 
Cleveland Abbe, Washington, D, C. 

On the rotation of the equipotential lines op an electric 
current by magnetic action.! By Dr. E. H. Hall, In 
structor in physics at Harvard College, Cambridge, Mass. 

1 Printed in ftiU in the Amedcan Journal of Sciences, Vol. XZIZ, Feb., 188S. 
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ADDRESS 

BY 

PROFESSOR JOHN ¥. LANGLEY, 

VICE PRESmSNT, SECTION C. 



Fellow Members of the Chemical Seotiok : 
Ladies and Gentlemen : 

In reviewing the history of each living being and of every intel- 
lectual conception, we are at once made aware of a law of growth 
the most general and fundamental possible, namely, that of devel- 
opment, or progression along what often seems to be a predeter- 
mined line whose constraining influence is so powerful that it is 
only by following it that the organism can escape destruction. 

Development, while it may be continuous, both for the individual 
and for the race when broadly looked at over large intervals of 
time, is, on the other hand, a process which, in its details, is con- 
stantly interrupted both by alterations of direction and by arrests 
of action which may ev^n go so far as to cause retrograde meta- 
morphoses. 

A plant may readily grow un symmetrically if shaded on one 
side ; but that error of form will be largely corrected when it is 
again bathed with light which comes from all directions. This 
partial arrest may even arise from the plant itself, as when the 
excessive growth of the vine in forming new wood saps the energy 
which should go to the formation of fruit, and the grapes, which 
alone make the plant valuable to man, never reach that fullness 
and flavor which should recompense the toil of the husbandman. 

All of us here are constituent intellectual atoms in a great ideal 
organism called Chemistry. We know the long and honorable 
history of our science ; we know, too, its wonderful progress in the 
past fifty years ; we perceive how from the single stem of Alchemy 
it has thrown out branches in all directions, mineral, organic, 
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analytical, synthetic, agricultural, physiological, biological chem- 
istries ; but has it furnished a corresponding number of great far- 
reaching laws? Has it been equally prolific of grand hypotheses 
which have stood the test of time? 

Will you pardon me if I venture to apply the analogy of the 
plant, and to ask whether our development has been symmetrical, 
whether some struggling bud put forth in our youth has not been 
starved and shaded by the abundant leafage of our branches, and 
whether in the rapid accflmulation of facts from that great diffused 
solution of them called Nature, while we may have greatly in- 
creased our quantities of chlorophyll and cellulose, we have equally 
gained in the fruit, whether we have been equally successful in 
elaborating*well-rounded generalizations which fill the intellectual 
taste with a sense of delight, and which stand forth as the declared 
fruit of our toil. 

Such a bud our science put forth in its alchemical stage under 
the name of affinity. During the early part of the present century 
the idea received considerable expansion and showed, at one time, 
a vitality comparable with the condition of the doctrine of the 
conservation of energy prior to the j^ear 1850. Having reached 
this stage the development of a theory of affinity seems to have 
been arrested and soon it is seen occupying a position of constantly 
decreasing interest to chemists. The proof of this statement is 
easily found by comparing such works as Daniel's Introduction to 
Chemical Philosophy, Thompson's History of Chemistry and Dau- 
beny's Atomic Theory, published in 1830 and '31, or the works of 
Berzelius, with any recent manual of inorganic chemistry. In the 
older books the amount of space given to the treatment of chem- 
ical affinity is relatively large, while in the treatises of to-day it is 
in many cases hardly even mentioned. 

In the article Chemistry in the new Encyclopaedia Britannica, 
covering 120 pages, there is not a single paragraph referred to the 
title affinity, and less than half a page devoted to it indirectly. 
In Watts' Dictionary of Chemistr}', including the supplements, 
out of a total of 9665 pages, only 62 are devoted to affinity where 
it appears under the head of chemical action. In Wurtz's Diction- 
naire de Chimie, the treatment of affinity under the several heads 
of chaleur, electro chimie, affinity, atomicite, etc., is relatively 
fuller, but still the proportion is quite small, and in that excellent 
manual Remsen's Theoretical Chemistry, the second edition of 



Digitized by 



Google 



ADDRESS BY JOHN W. LANGLET. 143 

'Which was published last j^ear, the word affinity does not even 
occur in the index. The causes of this almost complete aban- 
donment of a word, and an hypothesis at one time considered of 
fundamental importance, can best be traced by reviewing briefly 
the history of that part of speculative chemistry which is related 
to the doctrine in question ; a review which will show us that it is 
the word only which has become obsolete, the idea behind it is still 
active and of great importance. I will, therefore, venture to ask 
3'our attention to what I am only too well aware is but a sketch 
of the development of theories concerning the nature and funda- 
mental cause, or causes, of chemical phenomena. 

I. The Conception of Affinity. 

The earliest appearance of the idea which has since been named 
chemical affinity is found in the writings of Hippocrates in the 
fifth century B. C, where the opinion is expressed that when two 
bodies unite to form a compound, a certain common principle must 
indwell in them, for it is laid down as a fundamental postulate 
that '' like unites only with like," hence the two bodies must pos- 
sess some common principle, or have a bond of kinship between 
them.i 

This conception prevailed with more or less clearness for several 
centuries, but it is not till the year 1698 that we find the word 
affinitas employed and defined. It first occurs in the writings of 
the alchemist Barchusen,^ and the conceptions of Hippocrates were 
still the ruling ones. Thus Barchusen explains the impossibility 
of completely isolating the four elements by saying that they have 
for each other a strong affinity which causes one to mingle with 
another, and which cause is derived from a principle common to 
them all. 

Boerhaave, the celebrated physician of Ley den, in his elements 
of chemistry, which appeared about 1732, was the first to extend 
the meaning of the term affinitas or Verwandtschaft^ since he says, 
" The effort also of like substances to unite is due to the working 
of the same force ;"3 and elsewhere in explaining the cause of so- 
lution, he says, "In this last case" (that of the action of aqua 
regia on gold), " why do not the particles of gold, which are nine- 
teen times heavier than the particles of aqua regia, collect together ^ 
in the bottom of the vessel ? Do you not see clearly that there is 
between each particle of gold and each particle of aqua regia a 



Digitized by 



Google 



144 8SCTION C. 

force in vit*tne of which they seek each other out, unite and retain 
each other ?"^ We also notice in Boerhaave's writings a tendency 
to regard combination as due to the attraction of opposite, rather 
than to the union of similar qualities ; for he compares the action 
of an acid upon iron to a marriage, and says that the combination 
comes rather from love than hate. 

Two of Boerhaave's successors, St. F. Geoffroy and Torbem 
Bergman, appear to be the authors of a new conception which was 
subsequently known under the name of elective affinity. Geo&'oy 
attempts to indicate the order of chemical actions, or, as we should 
now call it, the relative intensity of combining power, by arranging 
several bases in the order in which they displace each other. Thus 
one of his tables was the following : 

Vitriolic Acid.* 
Sel alkali fixed. 
Sel alkali volatile. 
Earths. 
Iron. 
Copper. 
Silver. 

It was soon discovered, however, that an order of bases which 
might be correct for one acid would be incorrect for another, and 
that a given substance would take different positions in the two. 

The following, which is a portion of one of Bergman's lists, 
published in 1783, will show the fact.^ 

Gaseous Acid. Acid of Sugar. 

(Carbonic). (Oxalic). 

Pure heavy earth. Lime. 

Pure lime. Heavy earth. 

Fixed vegetable alkali. Magnesia. 

Fixed mineral alkali. Fixed vegetable alkali. 

Magnesia, etc. Fixed mineral alkali, etc. 

The reversal of the order of attraction was explained by as- 
suming the existence of preferences or special attractions between 
acids and certain bases and was known under the name elective 
affinity, a term which has remained in chemical literature till quite 
recent times, and, indeed, was very generally used within the rec- 
ollection of most of us here present. 
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The chemist Glauber, 1689, was one of the first to recognize 
this fact of differential attractions. He teaches^ that "potash, 
lime nnd zinc oxide, with application of heat, drive out ammonia 
from sal ammoniac because the zinc, as also potash and lime, is of 
such a nature that it has a great community of interest with all 
acids, loves them and is also loved by them ; accordingly when 
warmed, the acid of the salt (muriatic) attaches itself to it, combines 
with it so that the sal volatile is set free and is distilled to a subtle 
spirit." 

The next advance in the direction of precision was made by 
Wenzel, who,® in a work entitled Lehre von den Verwandschaften 
published in Dresden in 1777, showed that when two neutral 
salts act upon each other by double decomposition, the new salts 
formed are also neutral and thus prove chemical unions to be 
governed by some general law which determines how much of one 
acid must be taken to displace another. Although Wenzel's 
work attracted but little attention at the time, we can now see 
on looking back that it marked a very important discovery, for he 
must be regarded as the first man who apprehended with any dis- 
tinctness that fundamental law of chemistry, definiteness of action, 
which was subsequently enunciated and is familiar to us to-day 
under the name of the ''law of definite proportions." 

The final result of Wenzel's discovery was the establishment of 
the law of equivalent proportions through the labors of Richter, 
Thompson, WoUaston, Berzelius and others, and from equivalent 
proportions sprang the Daltonian hypothesis of atoms which has 
developed into the all but universally accepted atomic theory of 
the present day. 

The atomic theory, however, is not necessarily coterminous 
with hypotheses about aflSnity, and indeed in many respects it is 
independent of them ; the development of its history is therefore 
foreign to the purposes of this paper, but if we turn back to the 
period which immediately follows Wenzel's discovery, which was 
that of the re-birth of the atomistic theory of the Greeks under 
Dalton's parentage, we see that it emerged from opposing views 
about the nature of aflOinity, and at this point, therefore, the two 
speculations have a common history. The opening of the present 
century witnessed an active controversy between the advocates of 
the new, or equivalent and atomistic school, and the partisans 
of the older philosophy. Prominent among the latter stands 
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Berthollet who was a consistent and earnest opponent of the new 
doctrines. In his well-known work Essai de Statique Chimique^ 
published in 1803, he maintains the proposition that all unions 
are caused by the joint action of two forces which are opposed to 
each other, cohesion and elasticity. He denies entirely that the 
union by equivalent or definite proportions is a fact. In opposi* 
tion he brings forth his celebrated theory of mass, according to 
which, combination occurs under the influence of cohesion and in 
proportion to the masses of the reacting bodies, being directly 
proportional to these two forces and inversely proportional to 
the elasticity or volatility. Berthollet considers that there is no 
distinction of kind between chemical union and mixture except 
that in the first the action of cohesion is more apparent. He says^, 
"The force of cohesion is often a cause which determines combi- 
nations. Whenever there is produced some solid substance, 
whether by a separation or by a combination, we must look in the 
reciprocal action (cohesion) of the parts which require solidity 
for the cause which produces it, although it did not manifest it- 
self previously. Alkalinity and acidity have no influence on the 
reciprocal action of salts which are in the neutral state, but all 
the phenomena which they produce must depend on the properties 
which emanate from the reciprocal action of their integral parts. 
In the mixture of liquid substances (neutral) those combinations 
which ought to act with a force of cohesion capable of separating 
them ought to be formed and separated in fact." 

The position assumed by Berthollet was, of course, finally over- 
thrown by the improvements in methods of analysis on the one 
hand, and by the Daltonian theory of atoms on the other ; but it 
is a noteworthy fact that it is only as a complete and universal 
explanation of chemical action that Berthollet's theory fails. In 
many respects his position still holds good, and his views on the 
influence of mass are now being revived and partially confirmed 
by researches made within the present decade. 

The progress made in the allied science of physics now begins 
to react on chemical studies, and we find the subject of electricity, 
which was opened by Gal van! and Volta, taken up and pursued by 
men who are eminent both as electricians and as chemists. Davy 
in 1807 and later, more tully in 1826,i<^ introduced the electrical 
theory of the nature of chemical aflSnity, and stated that "chemi- 
cal and electrical attractions depend upon the same cause, acting 
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in one case on particles, in the other on masses of matter.'* 
His contemporaries and successors, Oerstedt, Grotthns, Ampere, 
Becquerel, Berzelins and Faraday, amplified and extended the 
electrochemical theory. Grotthus contributed his well known 
hypothesis of liquid polarization ; Ampere considered that each 
atom is surrounded by a special atmosphere of electricity, positive 
and negative, and that combination of atoms occurs by the neutral- 
ization of the opposing atmospheres. Berzelius held that the 
atoms have poles. He says,ii "Affinity is only the effect of the 
electrical polarity of the particles ; electricity is the primary cause 
of their chemical action ; it is the source of the light and heat 
disengaged during combination;" and, finally, Faraday's immense 
contribution to electro-chemistry is too well known to need any 
further mention here. 

Notwithstanding this array of great names, and the stores of 
experimental knowledge contributed by their owners, electrical 
hypotheses do not seem to have added much that is valuable to 
the theory of chemical action except in one respect, which^ how- 
ever, is a fact of the utmost importance, namely, that whenever 
combination or decomposition takes place, the corresponding 
decrease or increase in value of the affinity involved is revealed 
as a definite and measurable amount of energy, which may be 
either electrical, thermal or mechanical. 

We have by this theorem a mode of measuring affinity quantita- 
tively ; but electrical theories do not establish the nature of this 
force beyond dispute, and this is shown by the fact that the English 
school of electricians, under the leadership of Sir William Thomp- 
son, have for some years been divided in opinion as to the sources 
of the current developed by the Galvanic battery, between the old 
contact theory of Volta and the chemical theories of Davy and 
Faraday. While the electro-chemical theory was being developed 
the founders of the atomic theory were not idle, and in that 
wonderfully fruitful decade which witnessed the enunciation of 
Dalton's views, we find also the nucleus of an idea which has an 
important bearing on the nature of affinity. 

In 1811 Avogadro^^ formulated that law which is now regarded 
as the strongest bolt in the framework of the atomic theory ; but 
in stating his conclusions in regard to the number of "elementary 
molecules" in equal volumes of gases he necessarily introduced 
the conception of what is now the fundamental distinction between 
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atoms and molecales, and its later development into our belief in 
the two orders of combination, atomic and molecular. This 
theorem, of the utmost importance to the atomists, cannot how- 
ever be considered as a material contribution to the theory of affini- 
ty, because the actions of this force are experimentally evident 
and are, therefore, not dependent for their verification on the 
molecular theory ; but the form which this idea subsequently took 
in the mind of Brodie was, on the contrary, of the highest import- 
ance, for it is essentially a new conception. 

In his paper entitled "On the state of the elements at the 
moment of chemical change, "'^ this chemist regards the molecules 
of elementary bodies as composed of atoms. The difference be- 
tween the action of an element when free and when combined is 
due chiefly to the fact that when free the element is combined with 
itself in the form of an integral molecule. He says, "The general 
object of the paper may be considered as to prove that, at the 
moment of chemical change, the same chemical relation exists 
between the particles of which certain elements consist, as be- 
tween the particles of compound substances under similar circum- 
stances, on which relation the phenomena of combination and 
decomposition depend ; that in short (to use common language), 
the particles of the element have a chemical aflOinity for each other.'* 
It is true that Brodie's terminology is drawn both from the atomic 
and from the electro- chemical theories, for lie uses the expression 
"polar relation" instead of chemical aflSnity, but his idea is actual- 
ly indei)endent of these hypotheses ; for what he really shows is 
that an element may combine with itself. What is new and orig- 
inal in his conception is that aflSnity can be exerted by one por- 
tion of an element on another portion of the same element, and 
hence there is no distinction of kind between the attraction of a 
body for other substances and its attraction for itself. This 
must certainly be regarded as an important extension of former 
ideas about combination. How fertile it is, we see in its applica- 
tion to the structural formulae of the organic chemistry of to-day. 
There remain three discoveries which have brought modifications 
into the older conceptions of aflSnity. They are, 1st, The influ- 
ence of structure or position ; 2nd, The subject of valence ; 3rd, 
The periodic law applied to the elements. Two of these discover- 
ies are, compared with the long history of the science behind them, 
almost affairs of yesterday. All of them are now subjects of de- 
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bate and controversy, and they have taken their present form, 
rather from the nearly simultaneous labors of many chemists, than 
from the projecting force of a single brain. 

To trace the history of these doctrines would be difficult ; to 
apportion justly the share of merit belonging to each contributor 
would be impossible, for we are now in the midst of the struggle, 
conflict and change, which mark the progress of every living 
idea, in the same way that they are necessary accompaniments 
of every vital organism. 

It is too soon, therefore, for any one to know what part is 
destined to remain and what to perish. 

The germ of the idea, that the position of an element in a 
compound influenced profoundly the ordinary behavior of that 
element, originated on the one hand in the theory of radicles, 
which owes its origin to De Morveau, 1787, Berzelius, 1817, and 
especially Liebig, 1832 ; and on the other, in Dumas' discovery in 
1834 that chlorine could be substituted for hydrogen. Although 
the term radicle as now used means something quite different from 
Liebig's radicle, it is certain that our present conception of acids, 
as bodies which can be divided into hydrogen and an acid radicle, 
is justified only from the discoveries of those chemists. It is 
unquestionably true that in acetic acid, HC2H3O2 we have hydro- 
gen in two distinct positions, or, if I may be allowed the expression, 
two kinds of hydrogen : one, the basic, replaceable by a metal ; 
the other, that within the acid radicle, not displaceable by a metal, 
but easily removable by chlorine; and further, the substituted 
chlorine will have lost its familiar characteristics : for example, it 
will no longer precipitate silver, but will, on the contrary, assume 
a part of the duty previously borne by the hydrogen in the new 
acid, chloracetic, thus formed. Evidently we have here shown to 
us a new property of elements brought out by the facts of substi- 
tution, and shown with equal distinctness by the facts of isomerism. 
It does not arise from the particular symbol selected, or from the 
expression atom and molecule. If the atomic theory were aban- 
doned to-morrow, the above indicated experimental differentiation 
of hydrogen into two states or kinds would receive our rational 
indorsement, though all our vast wealth of atomic expression 
had perished. 

The invention of the term valence, or atomicity, is generally 
credited to Adolph Wurtz, but the idea behind the names grew up 
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so gradually from the theory of types, from the study of radicles, 
and from the controversy on the cause of etherification and also 
from the labors of Laurent, Gerhardt and Sterry Hunt, that it is 
hardly prudent to assign any specified year as the exact date of 
its origin. The "periodic law" is customarily associated with the 
name of Mendel ejelf,^^ and modifications in the form of the law 
with that of Lothar Meyer J^ 

There is also an English chemist, J. Newlands,^^ who claims to 
be the originator of the discovery, his speculations being published 
in 1864, while MendelejeflTs did not appear till 1869. Both of these 
conceptions, valence and periodic law, are immediate outgrowths 
of the atomic theory. The value assigned under them, and even 
their very form, depend absolutely on our choice of the numbers 
expressing atomic weight ; for instance, the distinction between 
monad chlorine and dyad oxygen wholly disappears when the old 
symbols, HO for water, and HCl for hydrochloric acid are em- 
ployed. It is an open question whether valence has any proper 
connection with afiOinity. Many chemists make an absolute dis- 
tinction between them ; moreover, the doctrine of atomicity is so 
preeminently a living issue of to-day that any discussion of it here 
would be out of place. 

Finally, I will close this review with a condensed statement of 
the principal theories of affinity, taken from Watts' Dictionary. i" 

1 . '* Chemical combinations are produced by universal attractions'^ 
The most noted adherents of this view are Newton, who con- 
sidered aflSnity as identical with the force of gravitation, and Ber- 
thollet, who held it to be the same as cohesion. 

2. " Chemical combinations are produced by a peculiar power 
called affinity^ distinct from universal attraction. ** 

Under this head we may place the alchemists and the believers 
in elective aflSnity. 

3. " The union of heterogeneous atoms is the result of electiHcd 
attractions.'* 

This includes Davy, Ampere, Berzelius, and perhaps Faraday. 

4. " Chemical action results from a constant motion among the 
ultimate particles of bodies^ this same movement likewise giving rise 
to the phenomena of heat ^ light and electncity." 

This is Williamson's theory of incessant atomic interchange 
between all molecules in solution. The same hypothesis has also 
been sustained by Kekul6 and Michaelis. 
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The above closes this very imperfect sketch of the growth of 
the conception of aflSnity, but it ignores the important dynamic 
problem connected with it. 

Let us turn our attention to the questions of force and energy 
which form so important a part in the history of every chemical 
change. 

II. Quantitative Measurements of Affinity, 

The earliest attempts to measure the strength of affinity appear 
to be those of Geoffroy and Bergman by arranging the several 
bases in the order in which they combine with a given acid, or, 
as we should now say, in the order in which they replaced each 
other. Illustrations of these tables have already been given, and 
it was apparent at a glance that the elective affinity so measured 
could at best be only relative to some one reaction arbitrarily 
chosen, and that the strength of attraction, as shown by the order 
in which the bases were arranged, was variable and depended on 
the nature of the acid selected. 

These tables were amplified and improved by Young and Richter, 
the latter of whom, in his work published in 1792,^® gave numer- 
ical values for what he calls the capacities of saturation which 
belong to the several acids and bases. These numbers, however, 
do not express the strength of chemical action in terms of force 
but rather the weights of the several bases which combine with an 
acid ; they are, therefore, primitive determinations of equivalent 
weights, and hence they belong more to the history of the atomic 
theory than to that of affinity. 

In referring to the law of Avogadro I said that while he intro- 
duced the distinction between the two kinds of " elementar}^ par- 
ticles" from which have since come our existing beliefs in the two 
kinds of union, atomic and molecular, still his proposition could 
not be considered an important contribution to the theory of affin- 
ity while it rests for its validity on the language of the atomic 
theory. The proof of this conclusion will be evident when we 
consider that the same discrimination between the two kinds of 
chemical action was very clearly foreshadowed from speculations 
concerning the value of chemical attractions before Dalton's hy- 
pothesis was given to the world. . 

An English chemist, William Higgins, professor of chemistry 
to the Dublin Society, published, in 1 789,^0 a work in which the 
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composition of several bodies is attributed to the nnion of "ultimate 
particles," sulphurous acid being formed of one particle of sulphur 
and one of oxygen ; " nitrous air " of two particles of dephlogis- 
ticated air and one of phlogisticated air, etc. He assumes that 
the attractions between iron and phlogisticated air (oxygen) may 
be expressed by a certain number, seven, for example ; that the 
force between sulphur and phlogisticated air will then be repre- 
sented by six and seven-eighths ; finally, that the iron will also 
attract the sulphur and the oxygen not already combined with 
itself, by the feebler force of two. Now, under these conditions, 
the iron cannot break up the sulphur compound, nor the sulphur 
the iron compound, but both the phlogisticated iron and sulphur 
will be united into a compound system by this residual force of 
two, existing between the groups. This is exactly what would be 
represented by the equivalent symbol for ferrous sulphate, FeO, 
SO3, where the oxide of iron, FeO, and the sulphuric acid, SO3, 
were each regarded as entire or binary compounds united to form 
the ternary body, FeO, SO3. Shortly after these attempts of 
Higgins, we find, in the opening years of the present century, three 
general methods indicated for the study of the force of aflSnity. 
Instead of being successively taken up and abandoned, like all 
preceding speculations, they have remained steadily in use during 
the eighty years which have intervened, and they are to-day still 
the most promising means at our disposal. These three methods 
may be called the thermal, the electrical and the method of time 
or speed. It will be convenient to consider each one separately. 

The thermal method was first indicated by Lavoisier in a memoir, 
a portion of which will bear quotation. He says,2i " The equilib- 
rium between the heat which tends to separate the molecules and 
their reciprocal affinities which tend to reunite them can furnish a 
very precise means of comparing affinities with each other ; if we 
mix, for example, at any temperature below zero (Centigrade), an 
acid with ice, it (the acid) will melt it until it is so enfeebled that 
its attractive force on the molecules of the ice becomes equal to 
the force which makes these molecules adhere to each other, and 
which is so much the greater as the cold is more considerable ; 
thus the degree of concentration at which the acid will cease to 
dissolve the ice will be so much the greater as the temperature of 
the mixture is lowered below zero, and we can refer to the degrees 
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of the thermometer the affinities of acids for water according to 
various degrees of concentration." 

This method, indicated by Lavoisier, would seem to be a prom- 
ising one, but it has never been followed, so far as I know, by any 
body unless it may be by Guthrie in his investigation of cryohy- 
drates.22 

The study of the heat enveloped when various elements unite with 
each other and when acids combine with bases has been pursued 
by many observers. The literature of the subject is already ]arge 
and it now constitutes a very important branch of our science 
under the title of thermo-chemistry. Early pioneers in this field 
were: Thomas Andrews, 1844,^3 Thomas Woods, 1851,^ Favre 
and Silberman, 1853,25 J. Thomsen, 1853,26 M. Berthelot, 1864 
and Alex. Naumann.^^ 

The work of Thomsen entitled " Thermo-chemische Untersu- 
chungen," in three volumes, published at Leipsic in 1882, and that 
of Berthelot, "Essai de Mechanique Chimique " in two volumes, 
Paris, 1879, are models of painstaking and exhaustive research. 
By the labors, chiefly of these two men, we now know the thermal 
values corresponding to many thousands of chemical reactions. 
We have learned that the energies of a reaction which can be 
brought about in two methods, either in the dry way or by solution, 
differ in the two cases ; that salts in solution are in a partial state 
of decomposition ; that the attraction of a polybasic acid radicle 
is not the same for the successive portions of base added, and that 
the behavior of a mono-basic acid in solution differs essentially 
from that of a dibasic or tri basic acid. 

The most important generalization to be drawn from thermo- 
chemical phenomena is that the work of chemical combination, or 
the total energy involved in any reaction, is very largely influenced 
by the surrounding conditions of temperature, pressure and vol- 
ume, and the conclusion they force upon us in regard to the nature 
of affinity is most important, namely, that this force in accom- 
plishing work is dependent, like all other forces, on the conditions 
exterior to the reacting system which limit the possible amount of 
change. Affinity is therefore at last definitely removed from the 
category of those mystical agents so often invoked by our prede- 
cessors in a less critical age as belonging to the causes which had 
no correlation with the general forces of nature. 

Under the title Dissociation^ St. Claire Deville gave to the chem- 
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ical world in 1857,^ a new and fruitful method of investigating 
the nature of compounds. By determining the temperature at 
which bodies break up or are dissociated, he was able to perform 
a purely analytical operation on them not complicated by the in- 
troduction of any extraneous form of matter, and, since the grad- 
ual increase of temperature can be closely adjusted and watched, 
we have, in the process of dissociation, the perfection of an alnaost 
ideal analysis. 

The laws developed by Deville and his successors in this field 
show us, that, after the point is reached at which decomposition 
commences, the further breaking up is determined by the pressure 
of the evolved products of the reaction, so that the permanence of 
the body depends on the magnitude of the two variables, pressure 
and temperature, either of which may be varied at will through a 
wide range. Deville thus gives us a fundamentally new mental 
tool with which to attack the problem of affinity by showing the 
close parallelism between chemical decomposition and the ordinary 
evaporation of a liquid at its point of maximum tension. 

The electrical method of dissecting chemical forces has been 
followed less actively than the thermal one. Besides the well 
known experimental contributions of Davy, Becquerel and Fara- 
day, many other more recent workers have studied th^ chemical 
changes of the battery and the electrolytic cell. Among these 
may be mentioned Joule's researches on the heat absorbed during 
electrolysis, and especially the work of C. R. Adler Wright on the 
*' Determination of Affinity as Electromotive Force," in the Phil- 
osophical Magazine for 1880, 1881 and 1882. 

The general outcome of these researches is that the products of 
electrolysis are so numerous and so varied by the results of sec- 
ondary actions, that it is very doubtful whether the electromotive 
force measured is that due solely to the union of those atoms 
which are indicated by the principal equation of the reaction. 

The method of time or speed of chemical reactions has a history 
as old as that of its two associates, but the story is much less 
eventful for very little work has been done in this field. Wenzel 
held that the affinity of metals for a common solvent, such as ni- 
tric acid, was inversely as the time necessary to dissolve them, 
the attacked surfaces being equal and invariable. He experimented 
on small cylinders covered with wax except on one of their bases.^ 

The most notable work in this field has been done by Gladstone 
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and Tribe^oby ascertaining the rate at which a metallic plate could 
precipitate another metal from a solution ; also by Berthelot, Mens- 
chutkin and others who have studied the time necessary for ether- 
i fication. The rate of inversion of cane sugar has been investigated 
"by Urech, and in this country by R. B. Warder. 

The above are only three out of many subjects which liave been 
studied in regard to their time rate. An index to the literature 
of this subject has been made by one of the members of this sec- 
tion, Prof. R. B. Warder, and may be found in the Proceedings of 
last year .31 

To these general methods for studying the problems of chemical 
dynamics should be added the investigation of the action of mass, 
by Gladstone, in his well-known color work on the sulphocyanide 
of iron ;^^ of the chemical action of light by the late J. W. Dra- 
per's in this country, and Prof. H. E. Roscoe''^ in England, as 
well as Becquerel's in France, pioneers who since have been fol- 
lowed by a host of students of scientific photography. 

In the review just given no attempt has been made to do more 
than glance at the important contributions to the theory and 
methods of measuring affinity. Many names have been passed by 
and much work has been necessarily ignored owing to the limits 
of time and space which surround the writer of an address like 
this ; but, notwithstanding the presence of those limits, and my 
consciousness of how greatly your patience has been drawn upon, 
I will venture to add a few words on one other phase of the subject, 
and that is 

III. The Existing Problem, 

The history of the various modifications and additions which 
have been made to the primitive conception of the nature of affin- 
ity, when briefly summarized, appears to be this : 

Hippocrates held that union is caused by a kinship, either secret 
or apparent, between different substances. 

Boerhaave believed affinity to be a force which unites unlike 
substances. 

Bergman and Geoffi'oy taught that union is caused by a selective 
attraction and therefore they called it " elective affinity." 

Wenzel and his successors showed that affinity is definite in ac- 
tion and amount. It has limits, or proceeds per saltum, 

Berthollet contended that affinity is not definite ; he proves that 
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it is often controlled by the nature and the masses of the reacting 
bodies. 

Dalton, Berzelius, Wollastou and others held, on the contraiy, 
this force to be definite and to act per aaUum. It is a power which 
emanates from the atom. 

Davy, Ampere and Berzelius believed affinity to be a consequence 
of electrical action. 

Avagadro in one way, and Brodie in another, show us afl3nity 
exerted by molecules as w^ell as atoms ; it is a force which binds 
together, not only particles of the same substance, but also of 
heterogeneous substances. 

From the fact of the actual existence of radicles, and from the 
phenomena of substitution was developed the notion of position, 
and that therefore affinity varied with the structure of the body as 
well as with its composition. 

The differences between the number of atoms which are equal to 
hydrogen in replacing power have led to the doctrine of valence, 
which, if it has any influence on theories of affinity, shows that 
this property of matter has two distinct concepts : one its power 
of attracting a number of atoms ; the other its power of doing 
work or evolving energy. These two attributes seem to be in no 
way related to each other. 

Mendelejeff and Lothar Meyer have shown by the facts which are 
grouped under the title "periodic law" that the properties of 
.elements seem to be repeating functions of the atomic weight. 
Hence affinity is connected in some way with that same property 
which is also shown by the differential action of gravitation on the 
absolute chemical unit of matter. 

Finally, Williamson, Kekule, and Michaelis have suggested 
that combination is brought about and maintained by incessant 
atomic interchange ; hence that affinity is fundamentally due to 
some form of vibration. 

We see that the primitive notions of affinity have undergone 
extensive modifications. 

The idea which seemed so simple and natural a one to HippO" 
crates has grown successively more complex and less sharply 
defined ; for while it presented itself to him as a single cause de- 
. pending on kinship or occult resemblance, we now find it branching 
out into a many-stemmed structure inextricably entangled with 
other physical forces and having its roots deep down in the re- 
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^ions of the mysterious and the unknown. When we look for an 
a^dvance in precision of ideas, for a logical development of a sat- 
isfactory theory, or for generalizations which shall help us better 
"to classify chemical phenomena in terms of force and energy, we 
a,re compelled to admit that the years have not brought the theory 
of affinity to a state of active growth ; rather it is like that 
strange counterpart of a living tree, the branching coral, whose 
xiaany busy workers do indeed each for themselves add their mites 
to the accretions of past generations, but who have failed with all 
"their toil to infuse that mysterious principle which would make of 
"their labors a living organism ruled by an internal law of growth. 
Affinity, under its own name, is no longer presented in recent 
manuals. . Chemists have more and more turned their attention to 
details, to accumulating methods of analysis and synthesis, to 
questions of the constitution of salts, to discussions about graphic 
and structural formulae, and to hypotheses about the number and 
arrangement of atoms in a molecule ; but they have not, until 
quite recently, made systematic attempts to measure the energies 
involved in reactions. Wh}^ ? I believe the answer can be found 
mainly in two reasons. First, the word affinity is in bad odor ; it 
dates back to the time when men mistook wild guesses for ascer- 
tained facts ; when they knew not the distinction between physics 
and metaphysics, and when a plausible but flexible occult cause 
was a more welcome guest to a philosopher's brain than a stiff, 
hard fact. We see how enormously complicated the phenomena 
of chemical action have become, and we have lost all faith in 
hypotheses which can be evolved b}' the mere force of metaphysical 
introspection. Therefore, we are afraid to retain a name which 
once belonged to an idea now long buried in the limbo where so 
much scholastic rubbish has been consigned, and hence all the 
facts belonging to affinity are given under separate heads, and 
thus they lose the great advantage of being bound together under 
one title. 

Secondly, there is a more important reason arising from what 
has hitherto been the traditional scope of our science. 

Natural philosophy early sought the aid of Mathematics, and 
80 laid the foundation for the comprehensive physics of to-day. 
Astronomy has always dealt with number, and hence stands aa 
the best type of an exact science. Mechanics, in its analytical 
form is little else than a material embodiment of algebra and geome- 
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try. Chemistry alone of the physical sciences has offered no foot- 
hold to mathematics, and yet all her transformations are governed by 
the numbers which we call atomic weights. What is it which causes 
Chemistry, so preeminently the analytic science of material things, 
to be the only one of her group which does not invite the aid of 
Mathematics, the great analytic science of immaterial things? 

It is because three fundamental conceptions underlie physics, 
while only two serve the needs of the chemist. 

If I may borrow an analogy from geometry, I would say that 
physics is a science of three dimensions, while chemistry is a 
science of two dimensions. In the first, nearly every transforma- 
tion is followed by its equation of energy and this involves the 
concepts space, mass, time; while in the second, an ordinary 
chemical equation gives us the changes of matter in terms of space 
and mass only ; that is to say, in units of atomic weight and atomic 
volume. 

Imagine for a moment what physics would be to-day with- 
out those grand generalizations, Newton's theory of gravitation. 
Young's undulatory theory of light, the dynamic theory of heat, 
the kinetic theoiy of gases, the conservation of energy and Ohm's 
law in electricity ! Every one of these, except the last, is a dy- 
namic hypothesis and involves velocity, that is, time, as one of 
its essential parts. In comparison with the above, all ord.inaiy 
chemical work may be termed the registration of successive static 
states of matter. The analyst pulls to pieces, the synthetic chemist 
builds up ; each records his work as so many atoms transfeiTcd 
from one condition to another, and he is satisfied to exhibit the 
body produced quietly resting in the bottom of a beaker motion- 
less, static. The electrolytic cell tells us the stress of chemism 
for specified conditions as electromotive force ; the splendid work 
done in thermochemistry enables us to know the whole energy 
involved when A unites with B, or when A B goes through any 
transformation however intricate, but it does not inform us of the 
dynamical equation which accompanies them, and which should 
account for the interval between the static states. 

Whenever we look outside of chemistry we find that the lines of 
the great theories, along which progress is making, are those of 
dynamic hypotheses ; if we go to our biological brethren we see 
them, too, moving with the current; the geologist studies up- 
heavals, denudation, rate of subsidence, glacial action and all 
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kinds of changes in reference to their velocity ; the physiologist 
is actively registering the time element in vital phenomena through 
the rate of nervous transmission, the rate of muscular contraction, 
the duration qf optical and auditory impressions, etc. ; and we 
oannot ignore the fact that all the great living theories of the 
present contain the time element as an essential part. Now, I 
cannot but ask whether one reason why chemistry has evolved no 
great dynamical theory, that the word affinity has disappeared 
from our books, that we go on accumulating facts in all directions 
t>ut one, and fail to draw any large generalization which shall in- 
clude them all, may not be just because we have made so little 
use of the fundamental concept, time. To expect to draw a 
theory of chemical phenomena from the study of electrical decom- 
positions and of thermochemical data, or from even millions of 
the customary static chemical equations would be like hoping to 
learn the nature of gravitation by laboriously weighing every 
moving object on the earth's surface and recording the foot-pounds 
of energy given out when it fell. The simplest quantitative measure 
of gravity is, as every one knows, to determine it as the accelera- 
tion of a velocity ; when we know the value of g we are forever 
relieved, in the problem of falling bodies, from the necessity of 
weighing heterogeneous objects at the earth's surface, for they 
will all experience the same acceleration ! May there not be 
something like this grand simplification to be discovered for 
chemical changes also? 

The study of the speed of reaction has but just begun ; it is a 
line of work surrounded withjinusual difficulties, but I confidently 
believe it contains a rich store of promise ; all other means for 
measuring the energies of chemism seem to have been tried except 
this. Is it not therefore an encouraging fact that to us, the chemists 
of the nineteenth century, is left for exploration the fruitful field 
of the true dynamics of the atom, the discovery of a time rate 
for the attractions due to affinity? I like to think so, and let us 
hope that the Newton of Chemistry may come in our daj^ and 
while we yet have voices to honor him. 
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Optical methods of estimating sugar in milk. By Prof. H, 
W. WiLET, Agi'icultural Department, Washington, D. C. 

[ABBTRAOT.] 

The paper contains a review of the determination of specific ro« 
tary power of milk sugar and fixes this number at 52.5 (a)^ as the 
one nearest the true power. Extensive experiments are described 
with various reagents for precipitating the milk albumen in which 
it is shown that the commonly accepted method by basic lead ace- 
tate is wholly unreliable. It is further shown that perfectly relia- 
ble results can be obtained by using acid mercuric nitrate or mer- 
curic iodide acidified with acetic acid. The paper also compares 
the results thus obtained with those reached by evaporating the 
milk to dryness and extracting sugar with aqueous alcohol. By 
numerous combustions with soda lime it is shown that the basic 
lead acetate does not remove all the albumen from milk, but that 
there is left in solution as much as .25 per cent of these bodies. 
Since they are all laevorotatory, the effect of their presence is to 
make the dextrorotatory power of the lactose appear too small. 

Similar combustions show that while the mercury reagents do 
not remove all the albumen, yet they do so to such a degree as 
to reduce their disturbing effects to a minimum and render them 
negligible. The paper closes with directions, based upon the ex- 
periments given, for making optical analysis of sugar in milk which 
are both reliable and speedy. The complete paper is in vol. 6 
No. 5, of the American Chemical Journal. 



On CHLORPROPIOLIC ACID AND CERTAIN SUBSTITUTED ACRTUC 

AND PROPIONIC ACIDS. By Frof. C. F. Mabery, Case School of 
Science, Cleveland, Ohio. 

[ABSTSACT.] 

By treating chlorbromacrylic acid with baric hydrate under care- 
fully regulated conditions, I find that the elements of hy drobromic 

(163) 
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acid may be eliminated with the formation of chlorpropiolic acid. 
Although this acid has not yet been obtained perfectly pure, its 
identity is established by the formation of addition- products with 
hydrobromic and hydriodic acids both of which have been analyzed. 

The chloriodacrylic acid thus obtained melts at 84°-85° and the 
chlorbromacrylic acid which is probably identical with the acid 
from which chlorpropiolic was prepared, at GS'^-TO®. In 1879 Wal- 
lack mentioned briefly the formation of chlorpropiolic acid beside 
dichloracrylic add as one of the products of the decomposition of 
ehloralid but no attempt was made to prepare its addition-products. 

I have also observed that chlorine is readily absorbed by chlor- 
bromacrylic acid and at ordinary temperatures the formation of 
the addition-product is complete in a few hours. The resulting 
bromtrichlorpropionic acid forms an oil with water and is quite 
soluble in carbonic disulphide from which it separates when cooled 
to 0® in prismatic crystals which melt at about 80°. By the ac- 
tion of baric hydrate In aqueous solution the elements of hydro- 
bromic acid are removed forming trichloracrylic acid with a melting 
point of about lb"*. 

The elements of hydrobromic acid are easily eliminated from 
both a and P dibromdichlorpropionic acids with the formation of 
the corresponding bromdichloracrylic acids. These acids both 
melt at 78^-80° and although their salts show certain differences in 
their water of crystallization the acids themselves have not been 
sufficiently studied to determine whether they are different or iden- 
tical in form. 



Continuous etherification. By Dr. L. M. Norton and C. 0. 
Frescott, Mass. Institute of Technology, Boston, Mass. 
Since the examination of the process of continuous etherification 
by Williamson,^ and the explanation of it in his classical research, 
our knowledge of its possible applications has made no material 
progress. The formation of ethers by the action of sulphuric acid 
upon alcohols has found practical application only in the manufac- 
ture of ethyl ether in the manner proposed by Boullay^ before the 

1 Ann. d. Chem.y .77, 37» and y . 81, 73. 'Jour. Phar. y . 1, 96. 
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course of the reaction was understood, and in the manufacture of 
methyl ether,^ which is now used extensively for cooling purposes. 
We have re-examined the formation of ethyl ether by this process 
in order to fix more carefully the limits of temperature within which 
the reaction can be effected, and also the temperature at which 
etherification is most complete, and we have also investigated the 
behavior of propyl, isobutyl and isoamyl alcohols when subjected to 
the process of etherification. We have examined also the forma- 
tion of mixed ethers by this process. 

Ethyl Alcohol. 

The apparatus used in all the experiments described below was 
essentially that originated by Boullay, and afterward used by 
Williamson. It consists of a two-litre flask, with a wide mouth 
closed by a cork through which passes a thermometer, a drop- 
funnel, and a delivery tube leading to a condenser cooled continu- 
ally with ice water. 

In the first series of experiments 200 grams of commercial 90 
per cent, alcohol were subjected to etherification in each experi- 
ment. Twenty grams of alcohol were mixed with 86 grams of 
ordinary strong sulphuric acid, placed in the flask, which was then 
heated to the desired temperature in an oil-bath, and the mixture 
was maintained at the desired temperature while the remaining 
alcohol was slowly added through the drop-funnel. It is evident 
that if the distillate was subjected to fractional condensation and 
the undecomposed alcohol returned to the generating flask and 
only the ether collected, in sufi3cient time the alcohol would be 
changed to ether, even at a temperature far too low for advanta- 
geous etherification. As we desired to examine the amount of 
alcohol changed to ether at different temperatures, we allowed the 
ether and undecomposed alcohol to distil together from the gener- 
ating fiask, and subsequently subjected the distill ate to fractionation. 
The distillates from temperatures below 160° were free from sul- 
phurous anhydride. They were treated with solid caustic potash 
to remove any traces of sulphuric acid and then distilled from 
quick-lime. After three fractionations, the portions boiling be- 
tween 35° and 45° were weighed. In these experiments 163 grams 
of pure ethyl alcohol were available for etherification. 

•TeUier, Arch. Phar. v. 16, 67. 
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formation. 


obtained. 


yield of ether. 


120'*-125'* 


12 grams. 


7.35 per cent 


125M30' 


27 " 


16.55 


(( 


130°-135' 


45 " 


27.58 


(( 


1 35^-140^ 


46 " 


27.58 


(( 


140^-145' 


47 " 


28.81 


t( 


145'*-150* 


47 " 


28.81 


(ft 



A second series of experiments was now made, and the distillates 
were fractionated with the utmost care. In these experiments 150 
grams of 90 per cent, alcohol were used, and 118 grams of ethyl 
alcohol were available for etherification. The specific gravity of 
the ether obtained was 0.744 at 0° compared with water at the 
same temperature. This specific gi-avity would indicate the 
presence of a minute quantity of alcohol in the ether. 

Per cent, of theoretical 
yield of ether. 

4.2 per cent. 

8.4 " 

16.8 " 

27.7 " 

86.1 '^ 

43.6 " 

39.5 " 

41.0 " 

40.3 " 



These results would indicate that the action of alcohol upon 
ethylsulphuric acid begins at a temperature much lower than has 
been supposed, rises in rapidity and completeness until the tem- 
perature of 145° is reached, where the maximum yield of ether is 
obtained. Above 150'' the yield begins to lessen, and doubtless 
the formation of ethylene begins, but the yield does not diminish 
greatly until 160° is reached. At 160° the formation of sulphurous 
anhydride begins and numerous gaseous products are evolved, and 
the sulphuric acid is soon destroyed, as has been observed by 
others.** Ether continues to be formed above 160° in small quan- 
tities, and, according to Mitscherlich,^ is even found among pro- 
ducts formed at 200° and above that temperature. 

« Gmelin, Handbuch y. 4, 662. • Ann. Ch. Phys. y. 8, 7, 13 
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Propyl Alcohol. 

We were unable to find any evidence that this alcohol was ever 
subjected to the process of continuous etherification. We took 50 
grams of propyl alcohol for our experiment. Fifteen grams were 
mixed with 20 grams of sulphuric acid, the mixture heated at 135^9 
and the remaining alcohol added in the usual way. A colorless 
distillate was obtained, at the same time there was a slight evolu- 
tion of sulphurous anhydride and a slight deposition of tar in the 
generating flask. The distillate was treated with solid caustic pot- 
ash, then distilled from lime, and was found to boil between 80** 
and 90^. It was next washed with water, distilled again from lime, 
and then allowed to stand with sodium until all action ceased. Its 
boiling point was then between 82"* and 84® ; it possessed a strong 
ethereal odor, and agreed in all respects with the propyl ether 
described by Chancel ^ and Linneman.^ The yield is very good, 
and this method will prove the most convenient for the preparation 
of propyl ether. 

Isobutyl Alcohol. 

It is well known^ that at a high temperature sulphuric acid with- 
draws water from isobutyl alcohol and produces isobutylene. We 
have subjected isobutyl alcohol to the ordinary process of con- 
tinuous etherification at 120® and also at 135®. In both cases sul- 
phurous anhydride was freely evolved, and tar remained in the 
generator. 

A yellowish distillate was obtained, which upon purification and 
fractionation proved to consist of undecomposed isobutyl alcohol. 
We were unable to obtain any appreciable quantity of isobutyl 
ether. 

Isoamyl Alcohol. 

We next investigated the behavior of isoamyl alcohol under the 
ordinary conditions of continuous etherification. At temperatures 
very little above 100® a violent action begins, and sulphurous 
anhydride is freely evolved. Before the temperature of 140® can 
be reached the sulphuric acid is destroyed, and only tar remains in 
the generator. As isoamyl ether boils at 176® it is evident that it 
cannot be produced by this method. Below 140® a distillate was 

•Ann. d. Chem. ▼. IM, 804. * Linneman, Ann. d. Chem. y. 161, 87. 

"Lermontoff, Ann. d. Chem. ▼. 196, 117, et ai. 
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obtained, which proved to contain undecomposed isoamyl alcohol 
and hydrocarbons of the CnH,. series. We were unable to con- 
firm the statement of Balard^ that small quantities of isoamyl ether 
are formed by the action of sulphuric acid upon isoamyl alcohol. 

Methyl and Ethyl Alcohols. 

The authority for the statement that mixed ethers can be obtained 
by the process of continuous etherification rests upon two experi* 
ments of Williamson .^^ It seemed desirable to test the applicability 
of this process to the formation of mixed ethers anew, especially 
as Guthrie^ ^ was unable to repeat one of Williamson's experiments. 
We chose for an experiment a mixture of methyl and ethyl 
alcohols, containing 1 mol. of CHsOH to 1 mol. of C2H5OH. 
This mixture was treated in the usual manner at 140^, and the 
utmost care observed in condensing the products. A colorless 
distillate, free from sulphurous anhydride, was obtained, and at 
the same time a gas, which we were unable to condense, escaped 
from the apparatus. This gas possessed a strong ethereal odor, 
and was doubtless methyl ether, which boils at — 23°. The distillate 
resolved itself upon fractionation into three portions, one boiling 
from 10°-16°, the second from 30°-40°, and a third portion con- 
sisting of undecomposed alcohols. We obtained from the portion 
boiling lowest a considerable quantity of a liquid boiling between 
lO** and 13°, possessing a strong ethereal odor, and corresponding 
in every respect with the methyl-ethyl ether prepared by William- 
son^^ from sodium alcoholate and methyl iodide, and also by 
Wiirtz^^^ by the action of a mixture of methyl iodide and ethyl 
iodide upon silver oxide. The portion of the distillate boiling be- 
tween 80° and 40° consisted mainly of ethyl ether. The yield of 
the mixed ether was very good. The three possible ethers appear 
to be formed simultaneously, but the mixed ether is formed in 
much the largest proportion. 

Ethyl and Propyl Alcohols, 

A mixture of equivalent parts of these alcohols was next treated 
in the usual manner. A colorless liquid was obtained, which 
resolved itself upon fractionation into ethyl ether, a mixture of 
ethyl and propyl alcohols, and a portion boiling between 60°-80°. 

•Ann. d. Chem. et Phys. v. «, 12, 294. "Ann. d. Chem. v. 81, 77. 

iiAnn. d. Chem. v. 105, 37. ^^Xun. d. Chem. y. 81, 77. "Ann. Ch. Phya. v. 8, 46, 2^2. 
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The portion boiling between 60® and 80® was washed with water, 
cSi stilled from quick-lime, and finally treated with an excess of 
sodium to remove any alcohols present, and rectified. The liquid 
then boiled between 66® and 68®, and possessed an ethereal odor, 
and gave the following results up6n analysis : 0.2286 gram of 
substance furnished 0.5620 gram of CO2 and 0.2827 gram of 
H2O. 

, Theory for CbHtOCiH,. Found. 

C 68.17 67.04 

H 13.64 13.74 

The analysis leaves no doubt that the substance is the ethyl- 
propyl ether which was first prepared by ChanceP^ b}^ the action of 
ethyl iodide upon propyl alcohol and caustic potash. 

Ethyl and Isobutyl Alcohols, 

Equivalent parts of these alcohols were subjected to the usual 
treatment. Sulphurous anhydride was freely evolved, and a yellow 
distillate with a very disagreeable odor obtained. The distillate 
consisted almost entirely of undecomposed alcohols and no ether 
could be obtained from it. The mixture behaved exactly as did 
the isobutyl alcohol alone. 

Methyl and Isoamyl Alcohols. 
Methylisoamyl ether was prepared by Williamson^^ \yy the con- 
tinuous etherification of a mixture of these alcohols. We repeated 
his experiments, following his directions with the utmost exactness. 
Sulphurous anhydride was evolved in large quantities. In the dis- 
tillate obtained we found undecomposed alcohols and products 
similar to those obtained from isoamyl alcohol alone under like 
conditions, but were unable to detect the presence of methyl- 
isoamyl ether. We made repeated attempts at 135° and 140®, but 
the distillate in every case consisted almost entirely of the alcohols 
which had distilled undecomposed as soon as the sulphuric acid 
had been all reduced. An attempt by Guthrie^s to obtain ethyl- 
isoamyl ether by continuous etherification, in the manner described 
by Williamson, gave similar results, and Guthrie was unable to 
obtain the ether by this method. As our experiments show that 
etherification does not take place to any extent, certainly in the 

"Zeit. f. Chem. 1869, 367. "Ann. d. Chem. v. 81, 77. "Ann. d. Chem. v. 105, 37. 
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case of ethyl alcohol, below 105^, and as fsoamyl alcohol decom- 
posed sulpharic acid with the evolution of sulphurous anhydride at 
that temperature, it is evident that the ordinary process of contin- 
uous etherification can only be applied to the formation of the 
simple and mixed ethers from the simplest alcohols, and it is not 
probable that it can be used satisfactorily for the etherification of 
alcohols containing more than three atoms of carbon. 



Anthracene trom water-oas tar. By Arthcr H. Elliott, 
School of Mines, Columbia College, New York, N. Y. 

rABSTRACT.] 

This paper treats of the determination of anthracene in various 
samples of water-gas tar as obtained from gas-works using this so- 
called water-gas process. The tar is obtained in that part of the 
process where the mixture of carbonic oxide and hydrogen contain- 
ing the vapor of petroleum naphtha is passed through red hot re- 
torts, and the members of the parafflne series of hydrocarbons be- 
come, under the influence of the heat, converted into a mixture of 
ethylene, acetylene and members of the aromatic series. 



On the chemistry op fish. By Prof. W. O. Atwater, Wes- 
leyan University, Middletown, Conn. 

[ABSTRACT.] 

This paper gives a brief account of the progress of an investi- 
gation of the chemical composition and nutritive values of Ameri- 
can food-fishes and invertebrates, which is being conducted in the 
laboratory of Wesleyan University under the auspices of the 
Smithsonian Institution and the United States Fish Commission, 
and of which brief accounts were presented at the Boston and 
Cincinnati meetings of the Association. 

In its present status the investigation includes : 

1. Chemical analyses of: 

a Flesh of fish, 11 8 specimens belonging to 51 species. 

b '' " invertebrates, 64 " " "11 " 

Total, 182 " " "62 *' 

2. Experiments upon the digestibility of the fiesh offish. 

8. Studies of the chemical constitution of the muscular tissues 
of fish. 
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A FRELIMINART REPORT ON THE COMPOSITION OP THE COALS OP 

Kansas. By Prof. E. H. S. Bailey, State University, Law- 
rence, Kansas. ^ 

[ABSTRACT.] 

The coal measures that underlie the eastern portion of Kansas 
are more extensively worked than ever before. The inclination of 
the strata towards the N. W. carries the beds deeper from the sur- 
face as we advance in this direction. Veins 3^ ft. in thickness are 
found in the extreme S. E. while those worked in the Osage region 
are often only 15 in. thick. Without giving details as to the occur- 
rence of the coals, an examination of the composition of samples 
from the principal localities has given the following results : — 



Name. 



Cher- 
okee. 



Moisture. 

YoL and Combust. 

Fixed carbon. 

Ash. 

Total. 

Sulphur. 

C. 

Vol. ana Comb. 



366 
36 68 
65 04 

5^ 
100 00 

8 01 

164 



Pitts- 
burg. 



Ft. 
Scott. 



3 10 
36 88 
66 65 

5 87 
100 00 

282 

166 



690 



64 10 
12 05 



1 92 



Osage 
Co. 



Burliu- 
game. 



13 05 

87 68 

88 88 
10 49 

100 00 
8 26 
102 



Scran, 
ton. 



12 31 

39 66 

89 79 

825 

100 00 

624 

100 



1158 

36 44 

42 46 

9 62 

100 00 

2 74 

1 16 



Leaven 
worth.. 



836 
86 94 
46 67 

9 08 
100 00 

446 

112 



Warren 
Co., Mo. 



Elk 
Co. Fa. 



6 76 
86 40 
46 75 
11 10 
100 00 
223 
126 



1 70 
36 82 
56 50 

3 61 
98 63 

136 

153 



If the moisture and impurities are eliminated and the per cent 
of heat-producing constituents only is considered, calculating the 
per cent, and dividing C by volume and combustible matter gives 
the lower line of figures. This gives a better opportunity to com- 
pare the different coals. It will be noticed that the S. E. coals, viz., 
Cherokee, Pittsburg, and Ft. Scott, properly belong to one class, 
while those occurring in later strata, as Osage Co., etc., belong to 
another. The latter contain more volume and combustible matter 
in proportion to fixed carbon as would be expected of later coals 
and those more closely related to true lignites. 
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Fermentation without combined nitrogen. By Dr. Alfred 
Springer, Cincinnati, Ohio. 

[AB8TBACT.1 

Before entering into detiAl concerning the results attained in 
my experiments in this direction, I wish to make a few remarks on 
the great liability to error, to which the experimentalist is exposed 
at every step owing to the extreme minuteness of the ferments in 
question. 

A good ^ objective with a high eye-piece shows the ferments as 
colorless rods, { of an inch in length and about ^ in width, very 
difficult to distinguish from the fluid in which they are immersed. 
Again unless many are under the field of vision, it is almost impos- 
sible to determine whether they possess motion independent of the 
Brownian movement. Although there may be thousands present 
in one drop of fluid, yet their mass is infinitely small compared to 
it, therefore an analysis of the fluid can be but a poor criterion of 
their composition. 

About two years ago, while experimenting with infusions of the 
roots of plants in water, I discovered a ferment which possessed 
the power of dissociating the nitrates of the soil. I noticed a 
copious evolution of nitric oxide proceed from roots rich in nitrates. 
It immediately struck me, that this arose from the action of small 
organisms which covered the roots of plants. 

Starting out with this idea, I made separate infusions of the roots, 
stems and leaves of tobacco, dividing each set into four parts. 
Fermentation was excited in the first by the addition of small 
quantities of yeast, in the second by urine, in the third by the 
so-called spontaneous method, and in the last by the newly dis- 
covered ferment. Not only were the nitrates originally present 
completely dissociated, but also considerable quantities of freshly 
added nitrates underwent the same process. All the infusions 
contained amongst other ferments one special kind, noticeable 
by its extreme activity. In appearance it closely resembles the 
butyric ferment, being composed of small cylindrical rods rounded 
at the extremities, generally isolated, or, when joined, two by two, 
acting as one body. Thej^ move rapidly with a wriggling motion 
and often bend their bodies until they form a perfect circle. 

While continuing my researches on the functions of this ferment, 
it occurred to me that owing to their ejecting the nitrogen they 
might possibly make use of only a very limited supply thereof. In 
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order to prove this I added the nitrogen in the form of potassium 
nitrate and ammoniam carbonate. 

Eight flasks with starch in solution and traces of potassium 
phosphate and magnesium sulphate were sowed with an imponder- 
able trace of the ferment. To four, potassium nitrate, and to the 
other four ammonium carbonate, was added in decreasing quanti- 
ties. Calcium carbonate was then added to counteract too great 
acidity. All the flasks containing variable quantities of potassium 
nitrate fermented in the same length of time, and sooner than those 
containing the nitrogen in form of ammonium carbonate ; these 
also ferment independent of the amount of ammonium carbonate 
present. 

The next step taken was to exclude nitrogenous constituents 
from the next four flasks. To my surprise fermentation set in six 
days after a trace of the ferment was added. Thinking that starch 
might contain some gluten, I tjjen took some pure white rock-candy, 
reerystallized it from alcohol three times, added potassium phos- 
phate, magnesium sulphate and calcium carbonate ; sowed the fer- 
ment therein and in each case an active fermentation set in, result- 
ing in the formation of butyric acid. 

The utmost care was taken in all these experiments, the flasks 
carefully stopped with cotton so that nothing but filtered air could 
pass into them. These experiments dififer so materially from any- 
thing ever before observed that I cannot do otherwise than state 
the bearings they must have on the study of fermentation and life 
itself. Provided there was no error and I feel almost certain there 
was not, the ferments could do only one of two things, either ab- 
stract nitrogen from the air, or use no nitrogen at all. The first 
of these cases seems improbable for the following reasons: nitro- 
gen has very little aflanity for the other elements entering into the 
composition of life ; if nitrogen were abstracted from the air the 
ferments would be apt to remain on the surface of the fluid, to 
which the air would have access ; but this is not the case^ for the 
ferments are found in all parts of the fluid. Lastly, three combus- 
tion analyses and staining fluids under the microscope showed no 
trace of albuminoid matter. The combustion analyses were made 
two weeks after the sowing of the ferments and the objection might 
be made that not enough ferments had yet developed to show the 
presence of nitrogen. At any rate I will make some more analy- 
ses when six weeks have elapsed. 
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The second reason which might be attributed to fermentation 
without combined nitrogen is as before observed, that the ferments 
assimilate none : yet they propagate, they convert sugar into bu- 
tyric acid. Generations succeed generations and each ferment 
when examined under the microscope shows independent motion. 
But fermentation and motion without nitrogen is life without nitro- 
gen, life without albumin, life without protoplasm ; '^ the physical 
basis of life," 

Should these results be verified by further investigations, proto- 
plasm can no longer occupy the position thus far given it and there 
must be lower forms of motion and life than heretofore recog- 
nized. 

The ferments closely resemble the nitrate ferments but are much 
less active. They wriggle along very slowly either isolated or two 
by two. 

I have not yet had the time to examine the influences of many 
chemical reagents on them. Iodine and nitric acid do not affect 
them for some time. Chloroform kills them immediately. 

I give these remarks as the result of the preliminary work on a 
series of experiments I am making now in my laboratory in con- 
nection with them. 



Examination of methods proposed fob rendering the lighter 

PETROLEUM OILS INEXPLOSIVE. By Prof. ChAS. E. MuNBOE, 

U. S. Naval Academy, Annapolis, Md. 

[ABSTRACT.] 

It having been seriously suggested that alum, sal ammoniac 
and camphor could be used to render the lighter petroleum oils 
inexplosive and it having been found in practice that camphor did 
diminish very markedly the readiness with which explosive gela- 
tine or gum dynamite could be exploded the author has tested the 
effect of the above bodies by determining their solubility in 
benzoline ; the flashing points of benzoline and commercial kero- 
"sene when treated with these bodies and when in their original 
state, and also the readiness with which, mixtures of the oils, in 
the two conditions, with air could be exploded. The results 
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showed that alam and sal ammoniac were practically insoluble in 
the oils and produced no effect upon them : that the camphor 
was soluble, 1 gram of benzoline dissolving about 1.5 gram of 
camphor, that an equal weight of camphor raised the flashing point 
of a kerosene 12**, but that on the other hand the vapor of this 
camphorated kerosene when mixed with air exploded with greater 
readiness than the original kerosene. 



The chemistry of the roller bhlling process. By Clifford 
Richardson, U. S. Agricultural Department, Washington, D.C. 

[ABSTRAOT.] 

The modern method of milling by means of rolls has been pro- 
ductive of such radical changes in the business of flour manufac- 
ture and the number of products, intermediary products and bye 
products are so numerous that it is of interest, in following the 
wheat through the various steps, to study the chemical composition 
of the material resulting from all of the processes to which the 
grain is subjected. 

The specimens upon which the following experiments have been 
made are from one of the largest mills in Minneapolis, Minn., and 
are the result of milling Minnesota "Hard Spring Wheat." 

As the wheat enters the mill it is of course contaminated with 
foreign seeds and dirt which are removed by appropriate machineiy. 
It is then put through a run of stones which are set sufficiently far 
apart to remove only the ftizz from the end of the berry and a 
small portion of the outer coats. A brush machine then thorough- 
ly cleans the wheat and leaves it ready for gradual reduction by 
the rolls or breaks. These consist of corrugated rolls of various 
forms revolving at different rates of speed thus enabling one roll 
to tear apart the grain which is held by the projections of the 
other. The products of these several breaks go to separators or 
scalping reels where the fine material or chop is removed and the 
coarser particles go on to the next break finally emerging from 
the last as bran. 

The chops by means of purifiers and bolts are freed from the 
branny portions and fine flour and the middlings graded into several 
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classes which go to smooth rolls for reduction to floar or in part 
to a run of stones. The resulting flours are graded according to 
their quality by various bolts and the bye products of all these pro- 
cesses are collected as shorts and the various kinds of tailings, 
dust and low grade flours all of which appear in the representative 
samples which have been analyzed. 

One of the peculiar advantages of the process is the removal 
in the first few boltings after the use of the scalping reels of the 
greater part of the gum of the grain which when passed through 
smooth rolls with the tailings are easily flattened and separated 
by appropriate bolting machinery, thus making it possible to 
produce a flour uncolored by the oily and nitrogenous matters of 
the gum. 

The results which have been obtained in the analyses of the 
specimens referred to are presented in the accompanying tables. 

They show that the soft interior of the grain which is removed 
in the first breaks is of a starchy natui'c, the albuminoids and 
gluten increasing toward the exterior of the grain. The outer 
portions also contain more oil and ash and consequently more 
phosphates. 

While the gluten is more abundant in the outer portion of the 
grain and especially in the part adherent to the bran which is 
removed in the last break there is none at all in the outer coatings 
themselves, the so called gluten cells of the embryonal membrane 
containing similar substances to the embryo or gum of which it 
is a continuation. All of the gluten of the wheat is in the en- 
dosperm or floury portion of the berry and can be more completely 
recovered and carried into the various grades of flour by the roller 
process at least with Hard Spring Wheats than by other methods 
of milling. 

The shorts removed by the bolting and aspirating machines are, 
like the bran, rich in albuminoids, oil and ash but not as much so 
in the two latter constituents. 

The graded middlings both uncleaned and cleaned show very 
regular variations in the various constituents, ash, fat and fibre 
decreasing from what is known as No. 1 to No. 5 and the albumin^ 
oids or gluten being the best in No. 4. 

The effect of cleaning is to increase the percentage of gluten 
while not altering the percentage of nitrogen showing that the 
material removed by the process is not rich in gluten. 
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The flour, produced by the reduction of the purified middlings is 
not as rich in gluten, ash or fibre as the middlings themselves. The 
cause of this is not quite apparent as the tailings with one ex- 
ception are not rich in gluten ; in fact, in two cases contain none 
and in a third less than one per cent. 

The tailings from the middlings purifiers in a like manner con- 
tain no gluten in the No. 1 purifier and gradually increase till 
those from No. 6 are rich. 

The different flours are mixed for the market in the three grades 
Bakers', Patent and Low Grade. The Patent is of course the 
highest grade and whitest. It contains however less gluten than 
the bakers' grade and the least ash, oil and flbre of any. The low 
grade flour is very rich in nitrogen but extremely poor in gluten, 
the result of mechanical and chemical causes which have injured 
the flour in the process of manufacture. 

The remaining analyses are of technical interest. Among them 
are those of the gums extracted at different points in the purifica- 
tion of the tailings. That known as "second gum" seems to be 
freer from impurities and has been analyzed in detail showing that 
one-third of the substance is albuminoids, over fifteen per cent 
oil, and nearly nineteen per cent a sugar-like substance making 
it of considerable interest. 

I shall consider the results more at length in a report to be 
issued by the Department of Agriculture, Washington, D. C. 



Analysis of a mural efflorescence. By Prof. Chas. E. Munroe, 
U. S. Naval Academy', Annapolis, Md. 

The incrustations which so frequently disfigure our finest brick 
buildings have sometime since received attention from chemists 
and engineers, but we find marked difllerences in the statements 
made as to their composition. Thus, according to ^Trantwine, 
^Pemberton, and ^Goldsmith they consist largely of magnesium 
sulphate and it is suggested that they are formed either through 

iJonr. Frank. Inst. [3] LXXV, 269,1878. sjonr. Frank. Inst. [3] LXXVI, 62,1878. 
•Proc. Phil. Acad. Sci. XXVIII, 834,1876. 

A. A. A. 8., VOL. XXXni. 12 
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tbe action of the sulphuric acid in our city atmospheres on the mag- 
nesium salts in the mortar, or through the action of this acid, from 
the coal used in burning the bricks, on the clay from which the 
bricks are formed. ^Watts and ^Gillmore, on the other hand, find 
the efflorescences to consist principally of sodium carbonate with 
some sodium or magnesium sulphates. 

In 1876 a somewhat costly building was erected here in which 
considerable elaborateness of design was displaj^ed, but, before 
six months had passed an efflorescence appeared upon it and to such 
an extent as to almost completely destroy the artistic effect, and in 
spite of the many severe storms to which it has been exposed and 
notwithstanding the fact that it is, as my tests have showed, com- 
pletely soluble in water, it yet exists in apparently undiminished 
quantity. 

The building was constructed of wood-burned, pressed brick, 
made from Washington clay, for the outside courses, and these 
were laid in mortar made with lime from Texas, Pa., and pointed 
with black mortar. The interior wall was of common brick and 
the space between was filled with Rosendale or Round Top cement 
mixed with Texas lime mortar in the proportion of one of cement 
to two of mortar. During the process of building and after com- 
pletion the structure was pretty well soaked by rains. The town 
contains less than 7,000 inhabitants and there are no manufactur- 
ing establishments whatever, so that the air is quite pure save for 
the solids taken up from the salt water of the contiguous bay and 
river. These Efflorescences are rare here and are confined wholly 
to buildings erected in recent years and usually to those made from 
pressed bricks. 

As has been said, this efflorescence was found to be readily soluble 
in cold water with the exception of 2.62 per cent of residue, which 
proved to be particles of brick dust. Leaving this out of account 
the analysis gave 



Sodium carbonate 


61.67 


Sodium sulphate 


34.33 


Sodium chloride 


1.09 


Water 


2.96 




100.05 


* Diet. Chem., I, 7^2. »Limes, Mortars and Ce 



Digitized by 



Google 



CREMISTRT. 179 

A STUDY OF THE PHENOMENON OP DELIQUESCENCE. By Piof. ChAS. 

E. MuNROE, U. S. Naval Academy, Annapolis, Md. 

In the Proc. U. S. Naval Institute 9, 332, 1883, I have given 
the results of an observation on the comparative attractive power 
of calcium chloride and bleaching powder for moisture when ex- 
posed to a moist atmosphere. Having allowed these substances to 
remain exposed to this atmosphere during a very long period of 
time after the weights, cited there, were recorded, I was surprised 
to find that the increase in weight for the Ca CI2 was greatly in ex- 
cess of that which Brandes^ found in his experiments on the deli- 
quescence of this substance. As, for the requirements of this 
experiment, the commercial salt had been used, I determined to 
repeat the experiment with another specimen of the salt which I 
had prepared. 

The salt was made, -according to Fresenius^, by dissolving mar- 
ble in common HCl diluted with five volumes of water. To this a 
thin paste of lime was added, with stirring, until it was in excess, 
and the mixture stood for twenty-four hours. It was then filtered ; 
washed hydrogen sulphide was passed through it to satui-ation ; 
again allowed to stand over night ; and again filtered. It was then 
strongly acidified with pure concentrated HCl ; concentrated in a 
porcelain dish and again filtered ; then it was evaporated to dry- 
ness, a little HCl being added towards the close of the process. 
The residue was finally exposed to a tolerably strong beat, on the 
sand bath, until it was changed to a white, porous, opaque mass. 
This residue, when cold, was free from alkaline reaction and gave 
a slight reaction for water by the closed tube test. When dissolved 
in water and acidified it gave a faint etFervescence due to carbon 
dioxide. Besides these substances only calcium and chlorine were 
found to be present. The quantitative determinations for chlorine 
and calcium yielded the following results. 



Wt. taken. 


Wt.Ag CI found. 


of 01 found. 


Theory for Ca Cl,. 


A2H9 


1.0563 


61.16 


63.96 


.6740 


1.4164 


61.02 




Wt. taken. 


Wt. Ca found. 


of Ca found. 


Theory for Ca CI,. 


.5113 


.2499 


34.92 


36.04 



Assuming the excess of Ca present, over that necessary to form 
Ca CI2 with the CI found to be combined with carbon dioxide, and 

^Schweiges Jour., 51, 433. ^Quan. Anal. (Am. bd.,) 127, 1882. 
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taking the water by difference, we may regard the salt as having 
the following composition 

Ca 01, 0^.49 

CaCO, 1.28 

H,0 8.23 

100.00 

Fresenius states that the salt, made by the method described, has 
the composition Ca C]^ (Hg 0)8. 

The portions of salt used in these experiments were all taken 
from the same weighing tube and to check any error which might 
arise from particles of the salt becoming attached to the outside 
of the tube or cork, the tube was allowed to remain in the balance 
case for some time after each weighing made for the purpose of 
analysis, and the change in weight observed. The greatest change 
observed was a gain of .0003 grams between the weighing out of 
the second portion for the determination of the chlorine and that 
for the determination of the calcium. This would make the Ca 
CO3 as calculated a little too small but would not affect the Ca Cl^. 

The experiments for deliquescence were made by weighing out 
a portion of the salt in a small watch glass and placing it on a 
vessel containing distilled water. The top of the vessel was cov- 
ered with wire gauze and the watch glasses rested upon a plate of 
glass placed upon this. The vessel was placed on a plate of glass 
beside the balance and the whole covered with a low bell glass. 
For each observation the bell glass was removed twice, and the 
weighings were made in a different atmosphere from that existing 
in the bell glass, but all was done as rapidly as possible and the 
weights were always taken in the same order. The weights of the 
substances taken were : 

Wt. watch glass + salt 



I. 


II. 


1.6137 


2.1759 


1.4937 


2.1520 



«« « .0200 .0239 

The portions taken were weighed out at 1.15 p. m., Mar. 15, and 
by 4.30 p. M. on the same day they had both become completely 
liquefied, while the liquid was perfectly transparent. On Mar. 24 
a slight cloudiness appeared and persisted, without increasing in 
quantity or extent, to the end of the experiments. This film ap- 
peared as a plane with its edge in the surface of the liquid, and 
it appeared either normal to or parallel with the line of sight as 
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tbe watch glass was revolved about its major axis. After the 
^veighings were given up, the liquid was treated with a few drops 
of HCl and the result was a slight effervescence and the disappear- 
ance of the film. Table I shows the results obtained up to the 
point of maximum increase in weight. The centigrade thermom- 
eter read was beside the balance. The English barometer, with 
brass scale, was in another building and I have compiled the read- 
ings from the record kept by others. 



TABLE I. 

I. 



II. 



Date. 


Time. 


A. 


B. 


C. 


D. 


E. 


C. 


D*. 


E'. 




i 

a 

2 


in 


Mar. 16 


1.15P.M. 






1.6137 






2.1769 






15°. 6 


30.06 


68° 


« *i 


4.30" « 


3.15 


3.15 


1.6660 


0.0413 


0.0413 


2.2270 


0.0511 


0.0611 


15-.6 


30.05 


68° 


«• 16 


5.25 " «* 


25 


28.16 


1.6100 


0.0660 


0.0963 


2.2937 


0.0667 


0.1178 


14" 


30.30 


68« 


« 17 


10.46 A.M. 


18.20 


46.36 


1.6220 


0.0120 


0.1083 


2.3086 


0.0148 


0.1326 


12°.5 


30.28 


er 


" 18 


11.05 " " 


24.20 


70.65 


1.6368 


0.0148 


0.1231 


2.3246 


0.0160 


0.1486 


13°.5 


30.32 


69° 


" 19 


11 ** «' 


24 


94.66 


1.6615 


0.0147 


0.1378 


2.3422 


0.0177 


0.1663 


13».6 


30 


69° 


<. 20 


12.45 " " 


26.46 


120.40 


1.6626 


0.0111 


0.1489 


2.3557 


0.0136 


0.1798 


16°. 6 


29.7( 


65° 


" 21 


10.45 " " 


22 


142.40 


1.6698 


0.0072 


0.1561 


2.3641 


0.0084 


0.1882 


16%5 


30.26 


66° 


« 22 


10.45 " " 


24 


166.40 


1.6740 


9.0042 


0.1603 


2.3681 


0.0040 


0.1922 


19° 


30.31 


61- 


" 23 


18.40P.M. 


27 


193.40 


1.6763 


0.0023 


0.1626 


2.3702 


o.ocei 


0.1943 


16". 6 


30.03 


68° 


" 24 


10.65 A.M. 


21.15 214.65 


1.6777 


0.0014 


0.1640 


2.3720 


0.0018 


0.1961 


15' 


29.81 


69° 


" 25 


11.15 *•" 


24.20 239.15 


1.6803 


0.0026 


0.1666 


2.3740 


0.0040 


0.1981 


18°.5 


30.07 


68° 


« 26 


11 " « 


23.45 263.00 


1.6864 


0.0061 


0.1717 


2.3819 


0.0079 


0.2060 


19%6 


29.69 


62° 


»« 27 


11.45"" 


24.45 287.45 


1.6907 


0.0063 


0.1770 


2.3871 


0.0062 


0.2112 


18° .5 


29.7: 


64° 


«* 28 


10.45"" 


23 


310.45 


1.6914 


0.0007 


0.1777 


2.3892 


0.0021 


0.2133 


18%5 


29. » 


67° 


" 29 


10 " « 


23.16 334.00 


1.6940 


0.0026 


0.1803 


2.3917 


0.0026 


0.2158 


26°.5 


29. &- 


68° 


« 31 


11 « " 


49 383.00 


1.7036 


0.0096 


0.1899 


2.4010 


0.0093 


0.2261 


12°. 5 


30.1. 


76° 



A gives the time in hours between each observation. 

B " " " " •< from the first " 

C and C give the weight observed. 

DandD' " " increase of weight for each observation. 

EandE' " " " " " from each observation. 



The following chart shows graphically the rate of absorption df 
moisture, the abscissae representing the time in hours (column B) 
and the ordinates the weight in milligrams (columns E and E'). 
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An inspection of these results shows that while the absorption 
goes on continaally until it attains a maximum yet the amount ab- 
sorbed in unit of time seems to vary with the temperature and 
pressure and it is probable that if these remain constant we shall 
obtain a more nearly uniformly decreasing rate. In his "Examina- 
tion of Substances by the Time Method," Hannay has observed 
the rate at which the moisture was given off when Ca CI2 6 H2 
was dried in air at 100®, and, on comparing his Curve VI opposite 
page 3853, we shall note a singular resemblance to the curve given 
here notwithstanding that the observations were made from quite 
opposite standpoints. 

It is to be regretted that the maximum increase of weight in my 
experiments should have been attained as the temperature fell and 
the barometer rose markedly, for these conditions might give rise 
to a deposition of moisture from the atmosphere in the bell glass 
which was presumably saturated. However, no be(iewing was ob- 
served even after close inspection of the bell and watch glasses, 
yet this opinion is strengthened by the fact that while during the 
subsequent four days the temperature remained nearly constant at 
16®, yet the average weight for I was 1.6968 and for II 2.3922 
grams. After this the weighings were continued for some time 
but they fluctuated apparently, though not always, with the tem- 
perature, until when the temperature rose to 28°. 5 the weights 
were 1.6573 grams for I, and 2.3397 grams for II. This variation 
in the power of bodies to attract or hold water at moderate tem- 
peratures, owing to a change of temperatures has been pointed 
out in the case of lime and ethyl alcohol by Squibb*, and Roscoe^ 
found in studying the hydrates of the volatile acids that under 
given circumstances of temperature and pressure there is for each 
acid a certain proportion of water which forms a stable compound, 
a weaker acid under that temperature and pressure giving off 
water, and a stronger acid giving off acid Until the most stable 
compound remains behind. 

In order to determine whether moisture was deposited on the 
vessel, an empty watch glass, nearly similar in form and size to 
those used, was placed beside them under the bell and weighed 
with the results shown in Table II. 



»"Jour. Chem. Soc," XXXri, 1877. * Sqnlbbs Ephemeris, II, 533, 1884. 

AQaar. Jour. Chem. Soc. XIII, 146. 
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TABLE U. 



DATK. 


WXIOHT. 


TEM. 




TBM. 


DATS. 


WSIQHT. 


TBM. 


BAR. 


TSH. 


Apr. 20 


2.0099 


IVJ6 


29.76 


66' 


May 13 


2.0699 


19- 


29.93 


69* 


26 


2.0098 


WJi 


29.77 


68- 


14 


2.0696 


19- 


29.90 


er 


27 


2.0608 


IBTA 


80.10 


68* 


15 


2.0696 


19- 


29.98 


68* 


28 


2.0698 


i9'.e 


80.06 


68* 


16 


2.0699 


IVA 


29.75 


68* 


29 


2.0096 


2O'.0 


80.02 


TO- 


17 


2.0697 


19- Ji 


29.91 


or 


80 


2.0700 


20- 


80.80 


65- 


19 


2U)699 


20*.6 


29.97 


60* 


May 1 


2.0690 


2r^ 


80.08 


68- 


22 


2.0697 


23*.6 


80.20 


76' 


2 


2.0699 


22- JJ 


29.88 


76- 


27 


2.0700 


2r.6 


29.86 


71' 


8 


2.0699 


22* 


80 jn 


69* 


81 


2.0697 


17* 


80.19 


er 


i 


2.0699+ 


2r 


80.22 


69* 


Jane 4 


2.0690 


28* 


80.06 


81* 


5 


2.0698 


20-.5 


80.02 


76* 


8 


2.0699 


24* 


29.76 


74' 


6 


2.0699 


2r.5 


29.84 


70- 


11 


2.0696 


24«.5 






7 


2.0699 


2r 


29.86 


66* 


18 


2.0698 


24'.5 






8 


2.0698 


19'.5 


29.90 


70- 


21 


2.0699 


28* Ji 






9 


2.0697+ 


20*.6 


29.92 


69- 


26 


2.0699 


28'.5 






10 


2.0699+ 


20- 


29.77 


70- 


July 8 


2.0701 


24- 






11 


2.0699+ 


20*.6 


29.69 


W 


Aug. 18 


2.0701 








12 


2.0699+ 


18'.6 


30.01 


68- 




^ 









Mean 2.0698!H- Maximum 2.0701 Minimum 2.0696 

Although there was no such marked difference in temperature 
and pressure as occurred during March 29 to 31, yet during May 
27 to 31 there was a similar change. These results show also the 
uniformity in the action of the balance at all the observed tem- 
peratures. 

Let us now take the weights obtained from April 1 to April 4 
as representing the maximum increase of weight at 16® and we 
have the following 

TABLE III. 



fl 


1 

H 


i 


s2 




"If 


lllf 




a 
M 
» 


St 


03 


p 


GO 


5- 


o « o 




I 


.0200 


.1831 


.1631 


.0191 


853.9 


52.6 




II 


.0239 


.2163 


.1924 


.0228 


843.9 


62.04 
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Brandes found that 100 parts of his salt attracted 124 parts of 
ivater, after an exposure of 96 days, and from this we find that 
one molecule of the salt attracted 7.64 molecules of water. Hence 
my result is about seven times greater than that obtained by 
Brandes. The attraction too is found to be greater than that ex- 
isting in the cryohydrate discovered by Guthrie. 

The observations here recorded are only preliminary and it is 
recognized that the method employed is subject to several sources 
of error. To correct these it is proposed to arrange the experi- 
ments so as to maintain a nearly constant temperature. As the 
time required in the method used is very long it is proposed to. 
shorten it by adding to the weighed portion of the anhydrous salt 
a determined quantity of water, but less than the amount which 
the salt would attract at the temperature of the experiment, and 
then to determine the rate of absorption from that point to the point 
of complete saturation. We may at least by this means determine 
the total attracting power at a given temperature with celerity and 
precision. 

It is proposed too to use a vessel having the form of a right cyl- 
inder and of a sufficiently large diameter to render the effect of 
capillarity very slight, for as the absorption takes place from the 
surface, this is the only form of vessel in which the area of ex- 
posed surface will remain constant with a change in the volume of 
the liquid. 

Finally it is proposed to use a substance which is deliquescent 
but which can withstand a high temperature for a considerable 
time without undergoing any other change in its constitution than 
loss of water, for in no other way can we have satisfactory evidence 
of complete dehydration. 



An explanation of Gladstone and Tribe's '*2 — 3 law in chem- 
ical DTNAMics." By Prof. John W. Langley, University of 
Michigan, Ann Arbor, Mich. 

In the proceedings of the Royal Society Vol. XIX, page 498, and 
also in the Quarterly Journal of the Chemical Society, Vol. 9, will 
be found a paper by Messrs. Gladstone and Tribe entitled "A Law 
in Chemical Dynamics." The authors show, by a record of ex- 
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periments, that if a plate of metal is suspended yi a solution of 
another metal which it can precipitate (the plate being hung so 
that it reaches neither to the top nor the bottom of the liquid), 
the rate of chemical action shown by the loss of w^eight in the 
suspended plate, for a given period of immersion, will vary with 

ROTATION, BRUSH AND CENTRIFUGAL EXPERIMENTS. 



The nambers given are for 1 cxn.^ 


of acting surface and for 1 minute of time, in 


flractions of a miUigramme. 










ROTATION. 


Brush. 


Gkavity. 


Centrifugal. 






Weights 




Weights 




Weights 




Weight 


Actual 




Actual 




Actual 




Acnth4 






divided 




divided 




divided 




divided 


Weights. 




Weights. 




Weights. 




Weights. 






by 'k 




by X 




by-/. 




by •/, 


1 


2 


3 


4 


6 


6 


7 


8 


9 


.075 


.087 


1.16 














.15 


.185 


1.2 






.00375 


.025 


.089 


.69 


.225 


.315 


28 


1.4 










.139 


.61 


.80 


.475 


► 


1.58 






.0126 


.041 


.215 


.71 


.875 


.555 


<^ 


1.48 














.45 


.630 




1.40 






.0217 


.048 


.337 


.74 


.60 


.925 




.1.55 






.0337 


.056 


.484 


.80 


.90 










.0646 


.072 


.732 


.82 


1.20 








.18 






1.084 


.90 


.1 






.018 


.87 






•2 1 


.2 






.074 




.67 






1 ii 


.4 






.270 










•s ^*^ 


.6 






.337 


i 


.66 








.8 






.411 


> 


.51 






5 %t 


1.0 






.537 


<. 


.64 
.60 






ill 

*^ ..2 


1.2 
1.6 






.722 
1.070 




.67 








2.4 






1.600 




[.66 










1 










_p. — O 



the percentage strength of the solution of the salt in a remarkable 
manner ; which they epitomize in the statement, that if the per- 
centages of salt be expressed by a series of the powers of 2, the 
chemical action will be expressed by the corresponding powers of 
3, so that for percentages represented by 1, 2, 4, 8, etc., the rate 
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of action will be 1, 3, 9, 27, etc. They further state that this law 
of action holds good up to about three per cent., and that for 
solutions weaker than this, they have demonstrated it through a 
range of from 1 to 1,000,000. 

They also give for the law a mathematical expression which 
seems to have been defectively printed, for when the typographical 
errors are corrected I find it to be expressed by 
log.C = log.p.xi^ + log. K 
where C is the rate of chemical action, p is the proportionate 
quantity of salt, and K is a constant. In the particular ex- 
ample given in their article they employed a plate of copper 
suspended in a solution of argentic nitrate. But the authors do 
not give any explanation of the law which they have discovered. 

The following question at once arises. Is the rate of metallic 
precipitation for varying strengths of the solution due to the 
action of chemism alone, or, is the operation of chemical affinity 
compounded with one or more purely physical forces ? and if so, 
what is the relative part contributed by each? 

Messrs. Glad stone and Tribe point out that there are two currents, 
or mass movements produced. One, a light blue ascending stream 
of a dilute solution of silver and copper nitrates ; the other, a 
deep blue descending current of copper nitrate containing about 
three times as much NO3 as the main solution. Obviously the 
first step in an investigation of their results should be to bring 
the fluid against the plate with a uniform velocity. To accomplish 
this a piece of copper was slightly curved and fastened to an arm 
which carried it around in a horizontal circle of about one inch 
radius with a uniform speed of five and a half revolutions per 
second, which gave therefore a linear velocity of the metal through 
the liquid of nearly three feet per second. The strip was suspended 
from the arm so as to hang vertically, and the area of its surface 
was known. The results are given in the appended table in the 
columns marked 2 and 3. It was at once apparent that the abso- 
lute rate of action was much greater than when the metal was 
stationary, as in Messrs. Gladstone and Tribe's method where the 
only mass motion of the liquid relatively to the plate was caused by 
gravitation. An inspection of columns 2 and 6, where their method 
was followed, will show this. 

In column 3 are given the quotients of the actual weights divided 
by the percentages of silver nitrate. It is apparent that these 



Digitized by 



Google 



186 SKcnoN 0. 

sumbers tend toward a constant, and, in this respect, they show a 
marked contrast to the numbers in column 7. 

The experiments were next varied by varnishing the copper on 
its convex side and holding it rigidly against the side of a beaker 
while its bare concave face was constantly swept by a rotating 
cylindrical brush, driven at uniform speed by clockwork. The 
results are given in columns 4 and 5, where, to secure a greater 
range for comparison, a different order of per cents was employed, 
and it is evident from column 5, that the absolute rate is less than 
for the rotation experiments, but is still much greater than for the 
gravitative record ; also it is apparent that the quotients here also 
tend to approach a constant [.6]. 

The first two numbers in columns 3 and 5 diepart widely 
from the others. This is due, I believe, to the necessity of remov- 
ing the silver each time the copper was weighed to determine how 
much of it had been dissolved. When the solution is very weak, 
the silver crystals are so minute that it is practically impossible 
to remove them completely, while for larger crystals, made by 
stronger solutions, there is no such diflSculty. 

Now when the extreme difficulties of securing absolutely uniform 
rotation, of detaching the copper at a given instant, and of pre- 
venting accidental cross currents are considered, these numbers 
show (since they are the means of many trials) that the chemical 
action varies directly with the quantity of salt in solution, when 
the supply of fresh liquid to the^ surface of the plate is constant 
and independent of its strength. Within the limits of these ex- 
periments, the following law would appear to be true. In metallic 
precipitations of dilute solutions^ the chemical action varies directly 
as the masSy t.e., percentage, of the dissolved salt. 

The experimental work of Messrs. Gladstone and Tribe is above 
criticism. I made many determinations by their method, with 
the sole result of confirming their entire accuracy. How then can 
their law be reconciled with the above statement? 

The explanation I venture to offer is the following : 

When the plate is suspended in the liquid, a film of copper 
nitrate is at once formed against it. Now the access of fresh 
silver nitrate depends on the removal of copper nitrate ; this film 
being heavier than the main solution begins to fall (a part also 
rises) and thus drags in fresh liquid from above to attack the 
copper. The rate at which it falls depends on its density, that is 
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on the quantity of copper dissolved, but it is resisted by the inertia 
of the surrounding fluid which it must displace. 

Now in a second experiment let the percentage of silver nitrate 
be doubled ; then, by the statement made above, the quantity of 
copper dissolved in a very small portion of time will also be 
doubled, and its density will be greater. The increase of density 
may be found from the tables of specific gravities of copper 
nitrate solutions. Storer's dictionary of solubilities gives the 
following : 

Per cents, of salt. Densities. 

1. 1.0059. 

2. 1.0119. 
8. 1.0192. 
4, 1.0252. 

We see that the increment of the density rises a little more 
rapidly than the increase of the salt, so that the density of a four 
per cent solution, for example, is 2,11 times that of a two per 
cent solution. Therefore the film of copper nitrate will be more 
than twice as dense when the percentage of silver nitrate is doubled. 
The rate of motion of the film will, however, not be twice as great ; 
for bodies, moving with slow velocity through a liquid, are found 
to experience resistances which vaiy as the square of the velocity. 
The density of the film has become more than twice as great, 
consequently the attraction between it and the earth has more 
than doubled. It is also evident that though the specific gravity 
of the silver salt is increased, still, the increment of the density 
of the copper solution over that of the silver solution will be more 
than doubled. Hence its velocity will become not two, but as the 
square root of two, which is 1.41 +: but as the relative density 
(or the relative increment) is really more than two, its square 
root will approach near 1.5. 

The observed rate of action will be composed therefore of the 
two ratios, viz., twice the chemical action because of chemism, 
multiplied by one and a half because of gravitative action ; or, 
when the per cent of silver salt is doubled, the quantity of copper 
dissolved will be tripled. But this is Gladstone and Tribe's law. 

The above hypothesis leads to this conclusion. If the "2 — 3 law" 
is composed of two factors, one of which is chemism, and the other 
gravitation ; then if another accelerating force could be substituted 
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for gravitation the law onght to change its form, if that force 
could be made a large one, for, the rate of movement of a body 
througli water is determined by resistances which increase much 
faster than tlie square of the velocity when the latter is no longer 
small. Accordingly I mounted the precipitating vessel on an arm 
which permitted the whole to revolve in a vertical plane and with 
a velocity which gave a centrifugal force thirty times greater than 
the value of the acceleration of gravity. With this large force it 
was certain that the currents ought to increase much more slowly 
than in the ratio of the square root of 2. An inspection of col- 
umns 8 and 9 will show the results. In column 9 the numbers do 
not tend to approach a constant but slowly increase. They resem- 
ble in this respect the gravitation numbers in column 7, only their 
rate of increase is slower as it should be by theory. A mathemati- 
cal analysis of these numbers, taking the 30 per cent one as a 
basis, agrees very closely with those calculated by the formula— 
that doubling the per cent of silver increases the rate of precipi- 
tation to 2.25 instead of to 3. 

In conclusion, I think it is probable that the true law of chemical 
action, where one metal precipitates another, should be that the 
time during which one atom replaces another in a compound mole- 
cule is fixed, and hence that the rate of total chemical action varies 
directly as the mass of the reacting body in solution. 



Preliminart analysis of the bark op Fouquieria splendens. 
By Helen C. De S. Abbott, Philadelphia, Pa. 

In the published proceedings of the Mexican Boundary Survey 
of 1859, conducted by General William H. Emory, are found 
numerous references to Fouquieria splendens. No region of equal 
extent presents more marked illustrations of the relations of the 
vegetation of a country to its topography and geology than that 
lying along the Mexican boundary line. The traveller traversing 
the desert table-lands will not fail to unite in his recollections of 
these tracts the dull foliage of the creosote bush, the palm-like 
Yucca, and the long thorny wands of the Fouquieria splendens. 
The vegetation of the £1 Paso basin and the Upper Rio Grande 
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valley is described as strikingly different from that of the immedi* 
ately adjoining country : new and strange plants are seen on every 
side. Upon the table-lands many plants grow not to be found in the 
more fertile valleys ; among these isFowgwima, a tree locally known 
by its Mexican name ocotilla. A full description of the appearance 
of the plant is given in the Mexican Boundary Survey ; also one 
in an article by Edward Lee Green.^ The latter author describes 
Fouquieria splendens in these terms : ^^It is a splendid oddity and 
not more odd than beautiful, flourishing in great abundance in 
many places. It grows to the height of from eight to twelve feet, 
and in outline is quite precisely fan-shaped. The proper trunk, 
usually ten to twelve inches in diameter, is not more than a foot 
and a half high. A few inches above the surface of the sands this 
trunk abruptly separates into a dozen or more distinct and almost 
branchless stems. These simple stems rising to the height of 
eight or ten feet gradually diverge from one another, giving to the 
whole shrub the outline of a spread fan. Each separate stem is 
clothed throughout with short gray thorns and small dark green 
leaves, and terminates in a spike, a foot long, of bright scarlet 
trumpet-shaped flowers. The stems are not so thickly armed with 
thorns but that they can be handled if grasped circumspectly, and 
being very hard and durable, as well as of a convenient size, they 
are much employed for fencing purposes about the stage stations 
and upon the ranches adjoining the desert." The author states : 
"Give a skilful Mexican ocotilla poles and plenty of raw hide 
thongs and he requires neither nail nor hammer to construct a line 
of fence, which for combined strength, neatness and durability 
fairly rivals the best work of that kind done in our land of saw- 
mills and nail factories." 

The plant is botanically described under order TamariscinecBj 
tribe III, FouquiereoBf new genus and species. ^ For other sources 
of information see A Tour in New Mexico ;^ and in Plantae Wrigh- 
tianse^ Texano-Mexicanse. The writer has not been able to And 
any notice of chemical studies made upon it. 

The specimens of ocotilla, at the writer's request, were collected 
and transmitted from Lake valley, Southwest New Mexico, through 

^ Botanizing on tlie Colorado Desert, American Naturalisti 1880. 
*Bentham and Hooker. Genera Plantarum. 

• By Dr. N. Wlslizenus. • 

* Gray, SmitiisonJan Contributions to Knowledge. Vol. Ui. Part 1, p. 86 and Pt. ii, p. 
6S. 
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the kindness of Professor E. D. Cope. The portions of the stem, 
similar to those used in the analysis, vary in diameter from an inch 
to an inch and a half. The bark shows a thickness of over an 
eighth of an inch, and is of a sage color generally. The exterior 
surface is made rough by an interlacement of hard projecting ma- 
terial ; some of the smaller stems are encircled with the gray thorns 
described, arising in regular series from the projecting portions of 
the bark. Between the interlacements are oblong and diamond- 
shaped intervals, which are filled with superimposed layers of a 
yellowish color and looking as if coated with a wax. They appear 
to be cemented together by a glistening substance which on warm- 
ing the bnrk exudes and possesses a resinous or gum-like consistency. 
In the present inves^tigation, the scheme proposed by Dragen- 
dorff^ has been followed out, with the exception of the maceration 
at the ordinary temperature ; an apparatus similar to the one last 
devised by Tollens^ has been used for the extractions. The air 
dried material reduced to a very fine powder was again dried at 
100° C. giving 9.4 per cent, moisture, since the great importance 
of powdering the material for the various estimations as insisted 
upon by Dragendorff ^ was fully confirmed in these examinations. 
Quantitative determinations with ocotilla bark reduced to fine pieces 
gave 2 per cent, and 3.5 per cent, less than the percentage obtained 
from the estimations with the powdered substance. Determination 
of total ash gave 10.26 percent. ; a qualitative ash analj'^sis showed 
the presence of calcium, magnesium, aluminum, potassium, sodium, 
and a trace of iron ; sulphates, phosphates, and chlorides. 

Ten grammes of the air-(hied powder treated with petroleum 
spirit of boiling point 46° C. extracted a substance without aromatic 
odor, communicating to the liquid a light color. From 100 C.C. a 
measured portion was evaporated for determination of total amount 
of substances brought into solution. The residue dried at 100° C. 
gave 9 per cent, at 110° C. 8.87 per cent, at 120° C. 8.875 per cent 
and a loss of .125 per cent showing scarcely appreciable trace 
of volatile oil. The remainder of the petroleum spirit extract 
on evaporation at the ordinary temperature left a solid yellowish- 
green wax substance of specific gravity .984, melting from 84° C. 

• Plant Analysis, Qaalitatlre and Quantitative, G.Dragendoi*ff, Ph. D.^Translated 
ft*om the German by H. G. Greenish, London, 1884. 

«Zeit8chrift f. anal. Chemie,XIV, 82, 1875, and XVII, 820, 1878. 
^Loo. cit. 
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C. to 85** C, insoluble in water, slowly soluble in boiling 95 per 
cent alcohol y readily in absolute alcohol, in cold ether, chloroform, 
amyl alcohol, benzole, cai'bon disulphide, oil of turpentine, and 
linseed oil ; slightly dissolved in aqueous alkalies, but not saponi- 
fying with them. It is colored yellow by nitric acid ; acted upon 
by concentrated sulphuric acid, and not by hydrochloric acid nor 
aqua regia. By means of combining sulphuric acid and solvents, 
-I wa& able to obtain several color reactions that may prove upon 
f^Lirtlier investigation of value in identification of the different veg- 
:etable waxes. With Japanese wax, the only specimen of vegetable 
wax* I could obtain, the color reactions differed in each test from 
the substance under consideration. The following color reactions 
were obtained with the petroleum spirit residue. When small 
fragments were stirred on a watch crystal with two or. three drops 
of concentrated sulphuric acid of 1.84 sp. gr. the substance at 
once changed color to a clear garnet red and was slowly dissolved 
by the acid, the liquid remaining colored ; with different portions of 
.the red acid liquid stirred on a watch crystal with various solvents 
used in excess, it was noted as follows : — with absolute alcohol 
^e color was instantly dissipated leaving a white precipitate; 
^petroleum spirit discolored the acid solution, leaving no precipitate ; 
ether discolored with gray precipitate; chloroform changed the 
red acid .liquid to yellow, no precipitate; with benzole the red 
<5olor wtts changed to snuff^brown gradually passing to red-brown ; 
amyl alcohol gave a rose-pink and slowly passing through vary- 
ing tints to a fine purple. So-called pure amyl alcohol was used 
4ind when tested did not give a color reaction alone with sulphuric 
,acid. The petroleum spirit residue on boiling with Absolute alcohol 
and when warm, thrown into several times its volume of cold water 
isepariated out as a white cloud. . 

Employing a method by which melissyl alcohol has been obtained 
1'rom Garnaiibawax^the petroleum spirit residue was submitted to 
a like treatment. lb was boiled with alcoholic potash, and sapon- 
ified, the alcohol distilled off and lead acetate added ; a heavy light 
yellow-colored pi*ecipitate formed, and on boiling yellow masses 
separated out. They were washed, dried, and boiled witli absolute 
.ether. The filtered liquid on cooling deposited a yellow crystalline 
snbstance, which on heating on platinum foil turned black and dis- 

"Liebig aDnaleAjl83| p. au, te$t^ Watts Diet. Ch^ 
A. A. A. S., VOL. XXXIII. 13 
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appeared. Beyond ascertaining the fusing point, solubilities, and 
color reactions, the sabstance was not further examined. It was 
found to fuse between 48^ G. and 60** C, the greatest chaoge oc- 
curring between 57° C. and 60** C. ; to be soluble in chloroform and 
ether ; scarcely soluble in cold absolute alcohol ; very slightly solu- 
ble in boiling 95 per cent alcohol ; not acted upon by nitric acid 
nor aqua regia. Sulphuric acid dissolved the substance and gave 
an orange color reaction discolored on adding alcohol, ether, chlo- 
roform, and ammonia to the acid liquid, with no precipitate ; with 
amyl alcohol a pale rose-pink quickly fading, and with benzole a 
brown color, were obtained. The color tests differed from those 
obtained with the substance before saponification and treating with 
boiling ether, indicating that the petroleum spirit residue can be 
separated into at least two substances and possibly more, which 
remain to be determined by a future study. 

The powder exhausted by petroleum spirit was dried and similar- 
ly treated with absolute ether as in the previous extraction. The 
ethereal extract of a greenish color gave an acid reaction with 
litmus, and on addition of alcohol the liquid became turbid. Spec- 
troscopic examination failed to detect the characteristic chlorophyll 
bands. The ethereal residue on evaporation presented differences 
in color and solidity from the petroleum spirit residue. It was 
quite brittle, and was not appreciably softened at 120'^ C. It gave 
when dried at 100° C. 4.52 per cent of solids extracted, at 110° C. 
4.44 per cent and at 120° C. 4.42 per cent. The residue when 
evaporated at ordinary temperature was insoluble in petroleum 
spirit, slightly soluble in 95 per cent alcohol, and carbon disulphide, 
quite soluble in cold absolute alcohol, amyl alcohol, chloroform, 
benzole, and oil of turpentine. Nitric acid gave no reaction. With 
sulphuric acid and small portions of the ethereal residue, I obtained 
a dark mahogany color. This solution on adding absolute alcohol 
was partially discolored, no precipitate. With ether the sulphuric 
acid solution gave a greenish precipitate, with amyl alcohol the 
acid solution was discolored changing to pale-red, then green. 
These tests showing in each case a wide difference in color reactions 
from those obtained with the petroleum spirit residue. The amount 
of solids taken up on treating the ethereal residue with water was 
•36 per cent. The aqueous liquid was neutral to litmus, portions 
tested for alkaloids gave negative results ; on warming and addition 
of dilute sulphuric aeid^ Fehling's solution was reduced, indicat- 
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ing possibly glucosides. The portion insoluble in water was then 
treated with absolute alcohol. The liquid gave an acid reaction 
yfith test paper. A measured part of the liquid was evaporated 
and the weighed residue showed 1.6 per cent, of solids dissolved. 
The residue from the evaporated alcoholic liquid was partially 
dissolved by aqueous alkalies. It readily saponified with alcoholic 
soda, forming a soft brown soap, which on boiling with lead acetate, 
yielded a yellow precipitate. This was collected on a filter and 
washed. When the precipitate was boiled with absolute ether and 
the filtrate allowed to slowly evaporate, a white organic crystalline 
substance separated out. Under the microscope particles of color- 
ing matter were found to be interspersed among the crystalline 
structures. 

The indications would show an acid resin to have been extracted 
by the ether. 

The ten grammes of powdered bark, after exhaustion with pe- 
troleum spirit followed by absolute ether, were treated with absolute 
alcohol. A measured quantity of the alcoholic extract was evapo- 
rated in a weighed platinum dish, dried until weight noted was 
constant. After incineration the amount of ash was found to be 
.16 per cent of the original material. The alcoholic extract for 
determination of total amount of organic solids dissolved, was 
evaporated in a current of carbonic acid, when the residue dried 
gave 8.6 per cent and 7.98 per cent of solids respectively. A 
cloudiness formed on the addition of water to the residue, which 
cleared up on addition of alkalies. It was restored by acid. The 
aqueous liquid gave precipitates with calcium and lead salts. It 
reduced Fehling's solution on adding dilute acid and warming. 
Negative results followed tests for alkaloids. Treating with two 
volumes of absolute alcohol, according to Dragendorff for detection 
of gum, vegetable mucilage was separated. Tests failed to detect 
the presence of tannin. 

The residue of the powdered bark, after exhaustion with absolute 
alcohol, was treated with cold water. A deep red mucilaginous 
liquid, which became frothy on shaking, was extracted. The amount 
of solids in this solution, on evaporating the liquid and weighing 
the residue, was found to be 19.11 per cent. In absence of acid 
or boiling, glucose was identified by Fehling's solution also by 
Mulder's test. A gum separated by absolute alcohol and quantita- 
tively estimated, showed 4.8 per cent, of the amount of substances 
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dissolved in water. Tlie powdered residue, after treatment with 
water, was macerated with dilute acid, and gave negative tests for 
alkaloids. The extractions with caustic soda for identification of 
albuminous substances, followed by chlonne water for the estima- 
tion of lignin and cellulose, have not yet been determined. 

The results of the proximate analysis as so far completed may 
be stated as follows : 



Moisture . . . • 


9.4 per cent 


Petroleum spirit residue 


9. 


Ethereal residue . 


4.52 


Alcoholic residue . 


8.6 


Water residue . . . 


. 19.11 


Total ash . ... 


. 10.26 


Alcoholic extract ash 


. 00.15 



61.04 

The difference of 38.96 per cent would include pectose, coloriDg 
matter, and cellulose or woody fibre. 

' A qualitative ash determination showed the presence of calcium, 
magnesium, albuminum, potassium, sodium, a trace of iron, sul- 
phates, phosphates, and chlorides. 

Petroleum spirit extracted a solid substance, yellowish-green 
in color, of sp. gravity .984, melting from 84® C. to 85° C. insoluble 
in water, slightly soluble in boiling 95 per cent alcohol, soluble 
in absolute alcohol, cold ether, chloroform, amyl alcohol, benzole, 
carbon disulphide, oil of tuipentine, and linseed oil. It was slight- 
ly acted upon by aqueous alkalies ; but readily saponified with 
alcoholic soda. Treating the soap with lead acetate and boiling 
the precipitate with ether, a yellow crystalline substance was 
obtained, melting from 48^* C. to 60° C. Sulphuric acid combined 
with solvents gave characteristic and distinct reaction with the 
yellowish-green petroleum spirit residue, and with the crystalline 
substance separated from it. . 

: A scheme has been proposed for the identification of various 
W,axe^, based upon quantitative experiments.^ The examination 
ijendered division into two groups possible, according to the 
solubilities of the waxes with chloroform. Again their action with 

» Qontdbutions to the Chemistry «f several varieties of wax, by E. Hirschsohn, 
^halTnateattcai ^Joarnal anfl Tratwaetioiis, Vtil.-ot, lOarcfa, 1880, 
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ether, and acetate of lead solution added to the alcoholic solutions, 
allow the several varieties of waxes to be distinguished from each 
other. 

The petroleum spirit residue was submitted to the tesfts propose^ 
in Hirschsohn's scheme. It was boiled with ten times its volume 
of chloroform and when cool the liquid became cloudy. By this 
test, the petroleum spirit residue was placed in the group with 
Carnaiiba and Bahia wax. An ethereal solution of the petroleum 
spirit residue, on adding an equal volume of alcohol, remained 
clear. According to Hirschsohn's scheme,^® an ethereal solutioi]^ 
of Bahia wax similarly treated remains clear, and by this means, 
the wax is distinguished from Carnaiiba wax, which it is said to 
resemble in most of its properties. The wax from Copemiciq 
cerifera^ the Ganauba tr^e of Brazil, and Carnaiiba wax obtained 
from the leaves of Corypha cerifera^ are related very closely by 
their chemical properties and possibly are identical.^ ^ 

Carnaiiba wax is described as a clear yellow wax with a greenish 
tinge, and harder than beeswax. It contains a notable percentage 
of free melissyl alcohol and other alcohols very difficult to separate. 
Insoluble in water, it is dissolved with jiifficulty by alcohol and 
ether, though readily soluble in carbon disulphide and oil of 
turpentine. It is not acted upon by linseed oil; it is changed 
yellow by nitric acid ; with sulphuric acid no appreciable effect. 
The melting point is variously stated from 82° C. to 85** C. ifhe 
specific gravity from .998 to .999. 

A table of the specific gravity of the different kinds of waxes, 
prepared by Dietrich^^^ shows the density of animal wax to be 
notably low compared with vegetable waxes. Allen^^ states that 
the presence of vegetable wax in adulterations of beeswax is 
positively established if the density of the sample exceed .970. 

By the method followed out in this analysis, petroleum spirit 
extracted from the powdered bark a substance of constant melting 
point, which is identified as a wax. It resembles, in its ethereal 
solution not clouding on addition of alcohol, Bahia wax ; in melting 
point and specifip gravity, Carnaiiba wax ; also the latter wax by 

lOLoc. cit. . 

~ iiGmelin. Handbook of Cbemistiy, Vol. xviil. Translated by H. Watts, London* 

"E. Dietrich. Specific Gravity of wax. Journal of Chemical Society, 188*2, Vol. xlii, 
p. 1139. 

I'A. H. AUen. Commercial Organic Analysis. (Also see in same work Tables of «p 
gr. waxes.) 
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its insolubility in water and action with nitric acid. It differs 
from Camauba wax in its greater degree of solubility in absolute 
alcohol, ether, and aqueous alkalies. Linseed oil is an active solv- 
ent for it, but does not dissolve Camaiiba wax. The color reac- 
tions of the petroleum spirit residue with sulphuiic acid have been 
described above. It is stated that sulphuric acid produces no effect 
with Camauba wax.^^ 

The wax obtained fh>m the bark of Fauquiena splendens differs 
generally in its properties from known vegetable waxes, and is 
evidently a new wax, peculiar to this plant. I propose that it be 
called Ocotilla wax. 

In the ether, absolute alcohol, and water extracts, the presence 
of an acid resin, a white ciystalline substance, gum resin, glucose, 
possibly glucosides, gum, and a red coloring matter were indicated. 

The investigations described in the preceding pages were con- 
ducted in the Chemical Laboratory of the Philadelphia College of 
Pharmacy, August and September, 1884. 



Thb densitt of solid carbonic acid. By Prof. Jambs Dewar, 
Cambridge, England. 

[ABSTRACT.] 

The object of this paper is to compare the theoretical density 
of the solid as deduced from the formulae of Clausius, with ex- 
perimental number found by the author. 



The composition and methods of analysis of human milk^. By 
Prof. Albert R. Leeds, Stevens Institute, Hoboken, N. J. 

In a previous paper, "On Infant Foods," which I read before the 
College of Physicians of Philadelphia, May 2, 1882, I alluded 
briefly to the investigation then in progress upon the composition 
of human milk, and gave a tabular statement of the minimum, 
maximum, and average results of the analysis of forty-three sam- 
ples, the total number of analyses which I had made up to that date. 

>«A. B. Prescott. Outlines of Proximate Organic Analysis. 
* The tables and chart are fk'om electrotypes of advance sheets from the Transac* 
tiODS of the College of Physicians of Philadelphia. 
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Since then I have analyzed thirty-seven more samples, and have 
verified the results by a critical examination of the various methods 
of analysis which are in use at the present time. 

In the beginning of my previous paper, I asked the question, 
"What is human milk?" and stated that to answer this question 
satisfactorily, we should know at least three things : 1st, All the 
constituents; 2d, Their relative proportion; 3d, Their chemical 
and ph3'^siological properties. It is not my present object to dis- 
cuss the first and third points, except in the light of the following 
isolated results which were only incidental to the main object of 
the present inquiry.. 

The albuminoids and fat of a large number of samples, as ob- 
tained by precipitation with Ritthausen's solution, were extracted 
with ether, until the albuminate of copper ceased to give up any 
further traces of fat to the solvent. It then became after drying 
a very light-green amorphous powder. 

In order to separate the albuminoids, this powder was digested 
with very dilute hydrochloric acid, which carries some of the or- 
ganic matter into solution along with the copper. The residue, 
after washing and drying at 100®, formed brownish, somewhat 
brittle, amorphous masses. 

The percentage of cupric oxide contained in this albuminate of 
copper was found in two analyses to be 20.93 per cent and 20,63 
per cent. The ultimate analyses of the albuminate, after deduct- 
ing cupric oxide, yielded the following results : — 

I. II. 

Per cent. Per cent. 
Carbon . . . . . . 49.07 49.17 

Hydrogen 7.15 7.22 

Nitrogen 14.67 

Salphnr IM I.IS 

Two analyses of the total albuminoids, left behind after the fore- 
going treatment of the albuminate of copper with dilute hydrochlo- 
ric acid, gave the following figures : — 

I. II. 

Per cent. Per cent 

Carbon •••••• 62.39 .-... 

Hydrogen •••.-• 7.02 

Nitrogen ...... 13.64 13.60 

Snlphur 1.49 

The albuminoids, separated by hydrochloric acid from the copper 
albuminate, were digested with 50 per cent alcohol, at the boiling- 
point. On cooling, the filtered solution deposited a white, flocculent, 
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voluminons pi*ecipitate, whilst the ffisidae on the filter formed a 
somewhat brownish mass. 

This precipitate would correspond to the "easeo-protalbin" of 
Danilewsky {Jahresb. der Thierch. 1880, 186), ind the residue, 
which was mnch the larger in amount, to his ^^caseo-albnmen." 

An analysis of the caseo-protalbin gave : — 

• Per cent. 

Carbon 65.86 

Hydrogen ......... 6.07 

Nitrogen 17.17 

An analysis of the "caseine," obtained by Makris in quite a dif- 
ferent manner from woman's milk, yielded for its composition, 
carbon 52.35 per cent; hydrogen 7.27 per cent; and nitrogen 
14.65 per cent. 

The foregoing analyses render evident that the bodies examined 
are not homogeneous, and in every case the process of separation 
left behind mixtures of substances the true nature and composition 
of which are at present unknown. Moreover, the deportment and 
properties of the bodies examined are such as to lead one to the 
conclusion that the investigation was being conducted, not upon 
bodies in the condition and with the properties which they pos- 
sessed originally in woman's milk, but upon substances whose 
composition and properties had been altered by the operation of 
the reagents employed. ''. 

It had been the intention of the author to endeavor to isolate 
the various constituents, at present very imperfectly known, of the 
fat of human milk. This desire had been increased by the fact 
that the ethereal extract of the copper albuminate, obtained from 
numerous samples, although not by ..any pieans frpm all, was col- 
ored emerald-green by some copper salt. As to the chemical 
nature of this copper salt, going as it does in perfect solutioiiln 
ether, I have no knowledge. Unfortunately, the entire mass of 
fats was lost by accident in the early stages of manipulation, and 
I shall have considerable difficulty in again procuring sufficient 
material to work upon. No sample of cow's milk which I have 
analyzed yielded to ether an emerald-colored' solution. The un- 
known body is peculiar to 'woman's milk.' ] ] 

MrTBODS of AlTALYSIS. 

Passing by the methods of analyses which were employed when 
the nature of the difficultip^l to be overcome^ was iinpierfoctly under: 
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stood, and omitting from discussion in this paper the earlier results 
as obtained by Meggenhofen, Payen, Henri and Chevallier, 
L'Heritier, Quevenne, Simon, Clemm, Sherer, I)onn6, Heilen, 
Regnsiult, and Lehmann, the first method claiming our attention 
is that made use of by Vernois anii Becquerel, in their essay 
"Du Lait Chez la Femme," Pans, 1853. 

Although regarded by the authors of the process as the smallest' 
which they could employ, the amount Of milk regarded by V. and 
B. as necessary for analysis is excessive, being 60 grammes. 

Toted Sglids.-^—Of this, SO gyms, are taken for (\eteripination of 
total solid€, which are found by e^^aporation to constant weight 
at SO'* C. It is evident that the evaporation of so large an amount 
at so low a temperature not only requires very many hours, but 
presents great difficultie& in the way of expelling the least traces 
of moisture. 

FatT — The total solids are exhausted on a filter with ether. The 
loss in weight is set down as fat. Or the ethereal extract after 
evaporation gives the weight of fat directly. 

The estimation of fat by loss of weight involves numerous 
sources of error. And eventhe direct estimation according to this 
method is erroneous, inasmuch as ether very partially exhausts a 
dried residue of this nature. Consequently, the figures obtained 
by V. and B. fw fat are muqh too low, the average in 89 samples 
being only 2.67 per cent. 

The other 80 grms. are coagulated by boiling with some drops 
of acetic acid. The filtrate contains su^ar, extractive matters 
and soluble salts. 

Milk sugar, — Its determination by the saccharimeter,, as per- 
formed by v. and B., gives less accurate results than those obtained 
by direct chemical methods. 

Albuminoids, — The autltors i-^gai'd the nature of the exti'active 
matters as so entirely unknown as to make their determination by 
analysis impossible, and set down under one head what they de- 
nominate "caseum and extractive matters." Its amount is found 
by subtracting the sum of the weights of fat, sugar and ash;, from 
the total solids. If it were possible by their method to determine 
these four quantities correctly,- the difference, which they style 
caseum united with extractive niatters, would be the albuminoids. 
But, otherwise, the difference r^resents the algebraic sum of the 
errors committed in the various determinations, and this difference, 
in the present instance, the* amount of fat and sugar as stated by 
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V. and B. being mnch too low, Ib correspondingly too high, beuig 
8.92 per cent. 

AnalysU by the same method cis tJiat uaudUy employed for Govjs' 
MUk. — ^This method, which is practised by some of the public 
analysis of New Jersey and New York, and which is a somewhat 
modified form of Wanklyn's, will be found stated in Caims's Quan- 
titative Analysis, p. 204. 

The results obtained on sample of woman's milk. Laboratory 
No. 1183, were as follows : — 



Ash • 
Fat . 
Albumiiioicls 
MUk sugar 



Per cent 
. 0.21 

• 2.02 
. 2.60 
. 8.19 



Total solids by Bnmmation • . • • • 13.62 

Total solids by eTaporation • . . • • lS.63 

The fat, as thus determined, is too low, although it was extracted 
by digesting the solids left after evaporation with boiling ether six 
times, and with cold ether as many times more. 

The sugar is too high. After weighing, it was redissolved in 
water, and the amount of albuminoids contained in it determined. 
This was 0.78 per cent, which, subtracted from the sugar, as de- 
termined in accordance with the method, left 7.41 percent, which 
is the correct result. 

The albuminoids are also too high, and the excess is still greater 
when the albuminoids contained in the sugar are added to those 
as determined in accordance with the method, the total being 3.38 
per cent. This excess is due to fat. 

Correcting the results, as found directly by the method, by the 
results obtained by separately analyzing the various educts, we 
have: — 

Per cent. . Per cent. 
Fat, determined by method . • • 2.02 
Fat, extracted firom caseine residue . • 2.12 

Actual fat 4.80 

Albuminoids, determined by method # 2.60 

Albuminoids, contained in sugar . . 0.78 



Sum of albuminoids 

Deduct fiit found in caseine residue 

Actual albuminoids 

Sugar, determined by method . 

Deduct albuminoid found in sugar 

Actual sugar . • 



Total solids, by summation 
Total solids, by direct evaporation 



0.0ft 
2.18 



1.20 



8.19 
0.78 
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Determination of the Albuminoids by Precipitation with Alco^ 
hoL^ — 20 cc. of dilute acetic acid are added to weak acid reaction, 
then four volumes of strong alcohol, the mixture well stirred, al- 
lowed to settle during an hour, and filtered upon a weighed filter. 
The precipitate is washed six or eight times with cold sixty per 
cent alcohol, then with ether, dried at 120-125^ C. and weighed. 
The alcoholic filtrate is evaporated to small volume, the resultant 
precipitate transferred by means of sixty per cent, alcohol to a 
weighed filter, washed repeatedly with the same alcohol, and finally 
with ether. These filtrates are again evaporated to a small volume, 
the precipitate obtained dissolved in water, an aqueous solution of 
tannic acid added, the precipitate so obtained transferred to a 
weighed filter, washed first with water, then with alcohol and ether, 
dried at 120'' and weighed. The three precipitates together con-» 
tain all the albuminoids. They must be ignited, and the amounts 
of ash deducted. This method gives too low results when the 
addition of tannic acid is omitted. The trial of this method, as 
performed on sample. Laboratory No. 1133, yielded the following 

results : — 

Per oont. 
Albnminoids in first precipitate • • • • • 0.66 

« «( second precipitate • . • . . 0.55 
•* « third " 0.43 

Total albnminoids so determined • • • . 1.63 

The analysis of these albuminoids yielded : — 

Per cent. 

Fat . 0.00 

Milk-sngar 0.43 

Deducting this amount of milk-sugar, we have : — 

Per cent. 
Total albuminoids as found ....*• 1.63 
Deducting milk-sngar 0.43 

Albuminoids actually present ....•• 1.20 

Distilling off the alcohol and ether from the first and second 

precipitates and determining the milk-sugar in the collected filtrates 

from the albuminoids, I obtained : — 

Per cent. 

Fat 4.80 

Milk-sugar • • • 6.08 

These results make it evident, what, indeed, was feared during 
the whole course of the analysis by this method, that notwithstand- 

> Handb. der Physiolog. Chem. Anal. Berlin, 1883, p. 491. Hoppe-Seyler. 
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ing the great expenditure of time in wasbihg these precipitates, 
the washing was incomplete, and some milk-sugar was left behind. 
This supposition is confirmed by the fact, that upon adding 
the milk-sugar contained in the albuminoid precipitates to that 
contained in the filtrates, the sum is the correct percentage of 
sugar. 

Determination of the Albumen and Peptone by Precipitation with 
Magnesium Sulphate.^ — The assumption upon which this method 
is founded is that when crystallized magnesium sulphate is added 
to milk to the point of complete saturation, the caseiue is com- 
pletely precipitated, whilst the albumen and peptone are not^ In 
the execution of the method, 40 c.c. or a saturated solution of 
magnesium sulphate are added to 10 grms. of milk, and afterwards 
crystals of the same salt are added in slight excess of the rnaxi^ 
mum quantity which can be made to enter into solution. After 
standing several hours with frequent stirring, the precipitate is 
transferred to a beaker and washed six or eight times with a satU"* 
rated solution of magnesium sulphate. The collected filtrates are 
then diluted with water, a drop or two of acetic acid added, heat- 
ed to boiling for a few minutes, filtered through a weighed filter, 
the precipitate wasjied ^rst vfith water and afterward with alcobol, 
dried along with the filter at 120° to 125°, weighed and ignited. 
By subtracting the weight of ash from that of the precipitate, the 
amount of albumen is determined. . ■* 

In the filtrate the peptone can be precipitated by means of tan- 
nic acid, or by phospho-tungstic and sulphuric acids. 

I failed entirely in an attempt to perform an analysis by this 
method. Owing to the great density of a saturated solution of 
magheslum sulphate the caseine did not precipitate, but formed a 
layer on the. surface of the. liquid, and so slow was the opei-ation 
of filtration that I did not succeed in completely washing the ca- 
seine during the course of several days. 

Haidlen*s MetJiod^ as modified by Christenn. Total Solids, — In- 
stead of drying the milk at 110° with one-fifth of its weight of 
powdered gypsum, as proposed by Hatdlen, Trommer proposed 
the use of pulverized jnartje, apd CJhristenn .emplpj^ed powdered 
glass, the drying' being conducted at OS'' to 1*00° instead of 110°. 
Christenn found that the hygroscopic nature of the gypsum ahd 

« Haudb. der Physiol. Chem. Anal. p. 492. Hoppe-Seyler. 
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its solubility in alcohol gave rise to errors, the latter property 
raising the percentage of milk-sagar and diminishing the percentage 
of albuminoids.^ 

Other Constituents.— To 10 grms, of milk add 10 c. c. ether and 
20 c. c. alcohol, mix thoroughly, collect the precipitated albumin- 
oids on a filter, and wash with a mixture of ether and- alcohol 
(1 : 2) until the titrate runs through clear. The precipitate, dried 
at 95° to 100°, gives the weight of albuminoids and insoluble 
salts. By ignition, the weight, of the latter is obtained, and the 
difference gives that of' the albuminoids. The weight of evaporat- 
ed filtrates gives the combined weight of the fat, milk-sugar, and 
soluble saltsf. Tlie loss of weight • after extraction with ether 
gives the fat. The soluble. salt^' and^suga^- are ignited, the residue 
treated with hot' water, the solution evaporated to dryness, and 
ignited. The weight of this ignited portion * gives the soluble 
salts, and the milk-sugar is found by difference. 

Note. In the trial of this method I did not wash the precipitate 
of albuminoids and insoluble salts on the»filter>, but by decanting. 
The precipitate was shaken up six or eight timea with the mixture 
of alcohol and ether, and the latter then pipetted off through a 
weighed filter. Finally, the albuminoids were thrown on the filter 
and washed exhaustively with the same mixture. The method of 
decantation is more rapid and thorough, but even with its aid and 
with the use in all of 250 c. c. of the mixed solvent, the washing 
oT the albuminoids was incomplete, as shown by the following re- 
sults of an analysis performed upon sample. Laboratory No. 1133. 

Analysis according to the Haidlen-Christenn method :— 

Per cent. 
Fat . ... .... . . 2.90 

Albuminoids . . « . . . . . 2.19 

Sugar . . . , . • • . . . 8.23 
A8h 0.21 

Total solids . s ... • . . J3Ji3 

These various educts of the Haidlen-Christenn method were an- 
alyzed and separated into their individual constituents. The al- 
buminoids were exhausted with ether, and the fat determined in 
the ethereal solution. The residue was then exhausted with water, 
knd the sugar determined in the aqueous extract. In the final 

* The addition of gypsum, marble, glass, sand, etc., is unnecessary and a source of 

error. .« . •'•..."•: '.• i-.^ ': , - ■ 



Digitized by 



Google 



206 BSOTIOlff 0. 

residae, containing according to Haidlen the sagar, the nitrogen 

was determined directly, and multiplied by 6.25 to obtain the 

percentage of albuminoids. The nature of the errors inherent in 

the method is strikingly shown when the corrected results obtained 

in this manner are compared with those stated in the preceding 

table ; — 

Per cent Per cent 
Fat, extracted ftom the albominoids • . 0.76 

Pat, extracted fh>inBagar residue . • • 2.90 
Pat, total as tbns fbond •...•• 8.06 

Albuminoids, determined by method . . 9.19 

Deducting fat in albuminoids .... 0.76 

Deducting sugar In albuminoids • • . 0.16 

Actual albuminoids ••••..• 1.17 

Sugar in albuminoids . . • • • 0.16 

Sugar in final residue • « . • • 7.10 
Actual sugar •••••• — — — 7.96 

Ash , 0.21 

Total solids, as found by summation 12.S0 

Total solids, as found by evaporation ISM 

Loss ... I • 1.26 

This loss of 1.26 per cent represents fat, which I did not suc- 
ceed in perfectly exhausting from the sugar residue after evapora- 
tion to constant weight, although the treatment with ether was 
performed very many times. 

Meigs' Method.^ Total Solids and -4»A.— Pipette off 5 c. c. of 
milk into a platinum dish and weigh. Evaporated to dryness on 
a water-bath to constant weight. Incinerate, best over a blast- 
lamp, and weigh the ash. 

Fat. — Weigh off 10 c. c. in another dish, and wash with the aid 
of 20 c. c. of water into a tall 100 c. c. stoppered cylindrical grad- 
uate. Add 20 c. c. ether, stopper, shake for five minutes, then 
add 20 c. c. alcohol, and shake five minutes more. 

Allow the cylinder to stand until the ether has risen to the topf 
pipette off, add 5 c. o. ether, shake^ allow to separate, pipette off 
and repeat this operation five times. Evaporate off the ether in 
a weighed dish ; the increase in weight is fat. 

Caseine and Sugar, — The remaining contents of the graduate, 
after the ethereal solution of fat has been removed, are washed 
into a platinum dish and evaporated to dryness on a water-bath. 
The residue is treated with boiling-water, and allowed to stand. 

• PliUodelpbla Medical Kewi, Juas, issa. 
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The undissolved caseine precipitates, the solution of sugar is poured 
off. This latter is again evaporated to diyness, and the same pro* 
cess of settling and decantation repeated. This must be done 
four or five times, until it is found that when boiling water is poured 
upon the diy sugar it dissolves completely, no fiocculi of caseine 
being seen in suspension. The caseine residue is then, after being 
dried, treated once or twice with boiling water to extract sugar. 
This sugar is added to the main portion. Both caseine and sugar 
are then evaporated over the water-bath to constant weight, in- 
cinerated over a blast-lamp, and the losses in weight give the 
amounts of caseine and sugar respectively. 

Experimental Trial of Method. — Total Solids. In the weighing 
out of milk it must be poured directly into the dish in which it is 
weighed. If a pipette be used, the milk leaves minute pai'ticles 
upon its walls, and the alteration in composition thus produced is 
the greater, the more extensive the wetting surfaces of the measur- 
ing vessel. 

Evaporation to dryness on a water-bath to constant weight is 
tedious, usually requiring three hours, and is neither so accurate 
nor so expeditious as the method of coagulation with alcohol. 

Thus with sample No. 1183 : — 

To 5.1195 grms. milk added 3 c.c. alcohol, evaporated to dryness 
on water-bath, an operation requiring one-half hour, and then to 
constant weight in air-bath at 105**, requiring with intervals for 
weighing one hour longer. 

Loss of weight 0.699 grm. or 13.56 per cent. 

Compare with this the results obtained by direct evaporation with- 
out coagulation. 

Evaporated 5.059 grms. of same milk for three hours on water* 
bath. 

Loss of weight, 0.6985 grm. or 13.81 per cent. 

Dried the same for two hours longer in air-bath at 105**. The 
weight decreased to 13.59 per cent. 

Dried the same for two hours longer at 103.° The weight de- 
creased to 13.56 per cent. In other words, at the expiration of 
seven hours, I l^ad obtained the same constant weight as I had 
found by the method of coagulation at the expiration of one and 
one-half hours. 

The explanation of the difficulty of evaporating milk without 
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addition'^ of any kind is evident, the caseine coagulated by heat; 
forming a skin upon the surface of the milk which renders any 
further evaporation very difficult. Alcohol, on the other hand, 
divides the milk into fine coagula, which readily permit the escape 
of moisture. 

Fat. — When water is present, ether will extract not only fat, 
but substances soluble in water. This was probably the case in 
the present instance, and experiment confirmed the conjecture. 
After distilling off the impure ether, drying the fat to constant 
weight at 105° and weighing, the fat thus obtained was redissolved 
in absolute ether. In every trial a residue was left behind. This 
residue dissolved readily in water. It proved to be milk-sugar, 
and its percentage was, determined and added to that found else^ 
where. 

Caseine and Sugar. — The method has two objections. The al- 
buminoids of milk, and more especially of women's milk, are 
partly soluble in boiling water, and cannot be perfectly separated 
from milk-sugar by its use. In the secopd place, the finely-divided 
albuminoids left after evaporation to dryness and treatment with 
boiling water cannot be accurately separated by the crude method 
of settling and decantation. As a result, in case the albuminoids 
are washed in this manner so completely that they do not contain 
any milk-sugar, their amount will be much too low, while thatof 
the sugar will be correspondingly too high. The percentage of 
albuminoids in the milk-sugar waiS detevmined by direct determin- 
ation of contained nitrogen in the following test analyses. 

An attempt was made to separate tl^e albuminoids by decantation 
through a weighed filter, but the process was extremely tedious, 
the albuminoids so coagulated quickly gumming up the filter paper. 

The results obtained were as follows, several analyses being 
made of the same sample, No. 1133. 

Per cent. 
Fat, originally obtained . . • • . . . 4.77 

Fat, after rediasolving in absolute ether . . . . .4.66 

Containing bydii'ect determination, millC'Siigar .... .0.10 ' 

Fnt as originally obtained ....... 4i{2 

Fat, after redissolying in absolute ether . . . " . 4.48 

Ist Trial, * 

Albuminoids in residue' . . . - , . . 0.79 

Albuminoids in milk-sugar . . • • • . 0.63 ' 

Totitl albuminoids .' ; . . . • .1.42 



Digitized by 



Google 



CHEMISTBT. 209 

2d Trial. 
Albuminoids on weighed Alter ••••,. 0.36 
Albuminoids in milk-sugar .•.-.. 0.71 

Total albuminoids ••••.•• 1.07 

Zd Trial, 
Sugar as origiaally determined •••••. 8.30 
Add sugar continued in fat . • • • • • . 0.34 

8.64 
Deduct albuminoids contained in milk-sugar . • .0.72 

Actual milk sugar 7.92 

Summary of Analyse*, 

Fer cent. Per cent. 

(1) (2) 

Ash (not with blast) 0.21 0.21 

Fat 4.77 4.82 

Albuminoids ... ... 0.79 0.36 

Sugar 8.01 8.30 

13.78 13.69 

The results obtained by Meigs's method will always differ from 
those by Hoppe-Seyler's, Haidlen's, and Christenn*s methods, and 
from Ritthausen's method, by giving necessarily a lower percentage 
of ash, a higher percentage of fat, a lower amount of albuminoids, 
and a larger percentage of milk-sugar. These differences are 
inevitable, and depend upon errors inherent in the method. 

Gerber'Eitthausen*8 Method. — After using for a considerable 
length of time the methods of milk analysis in common use, the 
author was led by a comparison of the results obtained thereby 
with those found by Ritthausen's method to abandon the other 
methods and adopt Ritthausen's. The latter, as modified by 6er- 
ber, has now been in constant use in his laboratory for more than 
two years, and hundreds of analyses have been performed in ac- 
cordance with it. The author regards it as the only method known 
at the present time, which is precise and rigidly accurate. More* 
over, it is so rapid, and, when familiar, so easy of execution, that 
its employment soon becomes a source of pleasure and satisfaction. 

Details of Method. Total Solids. — Weigh off 5 grms. of milk 
in a tared covered platinum capsule. Coagulate with absolute 
alcohol (about 3 c.c. are used), and evaporate to dryness on water- 
bath. Transfer to drying-oven, and keep at 105** C. until constant 
weight is attained. 

A. A. A. 8., VOL. XXXm. 14 
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Ash, — Ignite the residue first over a small flame, and finally 
at a dull-red heat. Cover the dish, cool in the desiccator, and 
weigh. 

AlhuminoidB, — Dissolve 63.5 grms. pure sulphate of copper in 
a liter of water. Prepare also a potash solution containing 50 
grms. caustic potash in 1 liter. 

Weigh out 10 grms. of milk in a covered beaker glass, and 
dilute with 100 c.c. water. Add 2.5 to 8 c.c. of the copper solution. 
Then run in sufficient potash to exactly neutralize the excess of 
sulphate, which will require about 1.25 to 1.5 c.c of the potash. 
The coagulated albuminoids settle immediately, leaving the llqaid 
clear. In testing the reaction, the stirring-rod which has been 
washed and withdrawn from the solution as soon as the potash bas 
been stirred in, is dipped into the clear supernatant liquid. A 
drop of this liquid should turn neutral test-paper neither blue nor 
red. Cai*e should be exercised not to allow the stirnng-rod to 
bring up particles of the ooagulum, since these interfere with the 
reaction. The clear liquid is then decanted through a filter-paper, 
previously dried at 110**, and weighed in a weighing-fiask. The 
precipitate is then stirred up with 100 c.c. water, allowed to settle, 
the supernatant liquid again decanted through the filter, and, 
finally, the precipitate is washed upon it. The beaker is thoroughly 
cleansed with a rubber washer, and all these filtrates, amounting 
to about 240 c.c, are finally made up to exactly 250 c.c. for the 
determination of milk-sugar. 

The filter paper containing the precipitate is then opened oat 
upon a large watch-glass, and, after drying to a certain point, is 
divided up into small particles by a platinum spatula, and this 
comminution is repeated from time to time until finally the whole 
mass becomes a fine powder. 

Fat, — The filter paper containing the precipitate is gathered up 
and placed loosely in a proper funnel. The beaker-glass used for 
the precipitation is washed out with ether to dissolve any traces 
of fat adhering to it, and these ethereal washings are poured 
through the funnel and allowed to run into a small weighed flask, 
with which the funnel is connected by a ground-glass joint. The 
funnel is then connected with a return cooler, the flask carefully 
heated by a water-bath, and the filter paper is made to swim in 
the ether condensed in the funnel for about an hour, when the ex- 
traction of fat will be complete. The ether is distilled ofl", the 
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flask dried at a temperature of 105"", cooled in a desiccator, and 
i^eighed. Its increment in weight gives the amount of fat. 

Albuminoids. — The residue in the filter is dried at 110°, and 
weighed in the weighing flask until constant weight is attained. 
It is then ignited in a platinum crucible, and the weight of ash 
deducted. The loss of weight is the amount of albuminoids. 

Milk Sugar. — This is determined in the filtrate by Fehling's 
solution. The figures thus obtained are identical with those' found 
by evaporation of the filtrate to dryness, igniting, and subtracting 
ash. 

In case the above method is carefully followed, the sum of the 
several constituents as separately determined will not differ by an 
appreciable quantity from the amount of solid matter as deter- 
mined directly by evaporation. Thus, it will be seen from the ac- 
companying table, giving the results of 62 separate analyses of 
human milk (excluding Laboratory No. 1063 as being manifestly 
affected by some accidental error), the maximum difference is 
0.21 per cent. 

The average error, as determined by ordinary arithmetical 
methods, is 0.001 per cent. The probable error of any individual 
analysis, as determined by the method of least squares, is a differ- 
ence of 0.0098 per cent, in the sum of the several constituents as 
found by addition, and the sum as determined by direct evap- 
oration. 

This close agreement does not itself prove the accuracy of the 
methods employed, but, in connection with the fact that an an- 
alysis of the fat showed no trace of albuminoids or sugar, that an 
analysis of the albuminoids revealed no sugar or fat, and that an 
analysis of the sugar showed no albuminoids or fat, it doe& afford> 
such proof. 

The only serious objection to the method is that, m the precipi- 
tation of the albuminoids by Ritthauscn's solution, hydrated basic 
sulphate of copper is precipitated at the same time, and that this 
hydrate does not lose its water at the temperature at which drying 
of the albuminates is effected. Hence, the weight obtained would 
be in excess of the true amount. This objection is not borne out 
by the results of analyses of the precipitated cupric albuminate, 
since I have failed to detect in it the presence of more than traces 
of hydrated basic sulphate. 
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HiSTORT OF Samples Analyzed. 

Samples 42 to 55 inclasive were obtained by Dr. K. Parker from 
inmates of the Infants' Asylum of New York ; all the others were 
obtained by Dr. A. M. Thomas, Chief of Medical Staff of the 
Emigrants' Asylum and Hospital. Both of these physicians have 
given their personal attention to the collection of the samples, 
and in every instance tabulated the physical history of the mother 
•under the following heads : — 

!• Mother's name and nationality. 
II. Married or single. 

III. Age. 

IV. Color of hair, etc. ; blonde or brunette. 
V. Period of lactation. 

VI. Right or left breast, or both. 
VII. Quantity obtained. 
VIII. Time after last nursing. 
IX. Time of day. 
X. Number of parturitions. 
XI. Presence or absence of menstruation. 
XII. Present or former illnesses. Child-bed convalescence. 

XIII. Physical antecedents of mother and parents. 

XIV. Mother's diet. 
XV. Health of infant. 

XVI. Weight of infant at birth, and at collection of sample. 
XVII. Age of infant. 

It is not necessary to give n detail all these statistics. The 
mother's diet in every instance was simple, but abundant and 
nutritious. Only normal milks were analyzed, such as came from 
healthy women ; these presented, when submitted to the microscope, 
a normal appearance. 

The physical history of mothers and infants is given, as far as 
our present purposes require, in the accompanying tables. 
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TABLE I. — HISTORY OF SAMPLES ANALYZED. 



I. 


II. 


III. 


IV. 


V. 


VL 


VII. 


Tin. 


IX. 


X 


XL 


J ^^ 


Mo- 
ther's 
1 age. 


Nationality 


Color of 


Period 
of lac- 
tation. 


Breast. 


Interval 

since 
nursing. 


Par. 


Infant's 


weight. 


Infant's 


hair. 


Right 


Left. 


turi- 
tions. 


At birth. 


At present. 


age. . 


13 


1 28 


Of^rman 


Brown 


Iday 


.... 


L. 


2 hours 


1 


6 lbs. 5 01. 




3 days. 


14 


! 28 


German 


Dk.b'wn 


1 •♦ 




L. 


2 " 


2 


6 " 13 " 




3 «« 


7 


'^19 


Irish 


Blc.b'wn 


2 days 


^5- 


HL. 


5 •• 


1 


5 '• 11 " 




Died. 


18 


., 


Nog. 7-35 




6 •» 


^K. 


^l' 












28 


,, 


same 




19 " 




L. 












9--) 


, , 


mother 




29 «« 


HK. 


K L. 












47 


26 


American 


Brown 


2 " 


V- 


^L. 


2 " 


1 


9 " 6«»' 


».. .. 


3d*^.. 


6 


33 


Pole 


Dk. b'wn 


2 •« 




6 " 


9 


7 " •• 


6 lbs. 12 01 


SS 


20 


German 


Bruwn 


2 «* 


^K. 


!'• 


3 '* 


1 


8 " 11 " 






15 


1^23 


German 


Light 


3 " 




2 « 


1 


9 ♦' 15 •* 




5 M 


Hi 




No. 15 to 


A 


6 *« 


.... 


L. 












26 


' r'" 


No. 30 


typical 


13 « 


.... 


L. 


2 " 










29 


., 


same 


Blonde 


17 •« 




L. 












SO 


.. 


mother 




27 " 


¥•■ 


^L. 












40 


24 


Negress 


Black 


3 «* 


>^1^. 


20 min. 


1 


6 " " 




4 «• 


64 


24 


Hungarian 


Black 


3 ** 


fi. 




SO " 


2 


8 " 6 •• 




4 »« 


8 


29 


German 


Lt. b'wn 


4 « 




L. 


4>^ hours 




8 " 4 »' 


7 '• 12 " 


5 •• 


45 


22 


American 


Brown 


5 «• 


V^R 


'^l 


1 


5 "13^'« 




5 *• 


67 


28 


Scotch 


Pair 


6 '« 


)tf R. 


30 min. 








5 ♦« 


41 


23 


Irish 


Black 


6 »« 


^ R. 


)tfL. 


30 '• 








8 ** 


21 


18 


EngliHh 


Black 


8 " 


R. 




1 hour 








9 «• 


82 


28 


German 


Dk.b'wn 


10 " 


h R. 


>tf L. 


min. 






9 ♦' " 


10 •• 


34 


23 


German 


Brown 


10 " 


^5 


^L. 


1 hoar 






7 « g (1 


10 •« 


S:i 


23 


Irish 


Dk.b'wn 


11 '• 


^a. 


14 L 


" 






8 " 4 •* 


Dead. 


6o 


.. 


Dane 


Light 


12 «• 


^a 


1.^ 


1 •' 






7 *• 12 '• 


13 days. 


w 4 


23 


Irish 


Dk.b'wn 


13 *« 




3 hours 




7 ** 5 *• 


7 •• 10 «• 


14 *» 


39 


23 


Irish 


Brown 


13 »« 


KR. 


«L. 


•• 








Dead. 


4S 


22 


American 


Ked 


17 « 


^ R. 


^ L. 


2 •♦ 






7 " li «• 


JI-?7- 


31 


20 


German 


Dk.b'wn 


19 «« 


^R- 
^R. 


ML. 


Khour 




4 " 14 " 


5 *» a " 


24 


29 


Italian 


Black 


20 •* 


>f L. 


M *' 








21 " 


9 


29 


Irish 


Brown 


22 «* 


.... 


5 hours 




6 •» 10 •• 


8 " 8 " 


24 •« 


H 


16 


American 


Dk. b'wn 


23 •* 


.... 


L. 


2 " 




9 *< 2 '* 




23 '* 


68 


22 


German 


Lt. b'wn 


23 »« 


KK. 


\'- 


1 hour 






6 " 3 " 


24 *• 


3 


19 


German 


Brown 


25 " 




4>i hours 




7 ». " 


7 « 8 •« 


27 «• 


6 


21 


Irish 


Brown 


28 »« 


^R. 


«L. 


6 " 




6 '• 12 •• 


7 .. 8 *• 


27 " 


2 


21 


Irish 


Dk.b'wn 


27 •« 


R 




2 •• 




6 •* 2 »* 


8 *♦ 3 •• 


29 •• 


66 


25 


German 


Dk.b'wn 


30 " 


JtfR. 


>^L. 


J^hour 
hours 








30 •• 


12 


23 


Irish 


Brown 


41 u 






8 " 12 '• 


8 •* 13 •• 


44 *« 


1 


1" 


German 


Brown 


45 •• 


V-: 


ML. 


5 '• 




7 .i 8 u 


8 ♦• 2 " 


45 •• 


17 


same as 1 




49 " 


Jtf L. 








8 •* 5 " 




11 


18 


German 


Lt. b'wn 


46 •' 




L. 


3 ♦« 




6 ** " 


8 " '* 


48 " 


20 


30 


Slavonic 


Brown 


50 " 


XR. 


^L 


^hour 




5 '♦ 8 *• 


9 " 8 •' 


53 '• 


23 


26 


Bohemian 


Brown 


53 " 


R. 










55 « 


10 


25 


Scotch 


Brown 


82 » 




L. 


5 hours 




6 *' 10 '♦ 


11 «• 3 •♦ 


83 " 


&3 


19 


Irish 


Bed 


88 «« 


itf R. 


«L. 


2 •♦ 




7 11 8 *' 


13 *' 5 *« 


88 •* 


27 


28 


German 


Lt. b'wn 


89 <« 


^R. 


K^' 


% hour 








90 •« 


62 


26 


Swedish 


Light 


90 •» 


^R. 


KL. 


'i hours 




7 » 5 .» 


11 " 3 " 


92 " 


60 


27 


German 


Brown 


93 " 


jtfR. 


ML- 


3 " 




5 •' 8 *• 




Still-bom. 


25 


20 


Irish 


Brown 


115 •• 




L 


2 •• 




7 ». 8 •• 




116 days. 


J9 


23 


Irish 


Dk.b'wn 


126 «« 


V^: 


J<L. 


1 hour 




7 '* 8 " 


13 •* 11 " 


128 - 


64 


19 


German 


Dk.b'wn 


132 «* 


^L. 


2 hours 




8 ♦* 13 •» 


U " 7 ** 


132 •• 


43 


30 


American 


Brown 


150 « 


^R. 


^L. 


2 '♦ 




7 *♦ 14 ♦* 


13 ♦* A%^* 


160 " 


42 


20 


Irish 


Brown 


167 ** 


)^R. 


^L. 


2 »* 




6 "13>^*' 


13 •• 12;i^«« 


167 » 


22 


33 


Swedish 


Brown 


180 •• 


f^L. 


^hour 








Dead. 


44 


25 


American 


Light 


180 " 


)iL. 


2 hours 




7 " T2 " 


22 *« 7 " 


182 days. 
186 *' 


46 


24 


Mulatto 


Black 


186 " 


«R. 


>tf L. 


2 " 




5 ♦• 13 •• 


L5 " 4>^" 


60 


21 


American 


Lt. b'wn 


217 " 


V<R. 


J^L. 


2 •♦ 






15 •• 3 '« 


218 ** 


49 


19 


Irish 


Lt. b'wn 


270 •» 


^H. 


H L. 


2 " 




J *' 13 ** 


16 •' 9)4" 


273 « 


60 


125 


Scotch 


Lt. b'wn 


21 " 


KR 


KL. 


5 min. 






5 *• 8 •« 


21 " 


61 


28 


German 


Brown 


12 '• 


^R. 


KL 


5 •' 






7 «• 10 " 


13 ♦• 


62 


30 


Irish 


Black 


27 «* 


^R. 


»^L. 


6 ** 




7 " 8 •* 


, . 


29 •• 


63 


J 22 


Irish 


Lt. b'wn 


19 •• 


5r. 


J^L. 


5 '• 






8 " 3 " 


21 " 


66 


] •• 


French 


Dk.b'wn 


210 " 


K. 




1 hour 






18 *' a *♦ 


210 " 


67 


•• 


Irish 


Brown 


90 '• 


R. 




2 hours 






13 " 10 *• 


90 •* 


68 


•• 


Irish 


Dk. b'wn 


153 " 


y.K. 


HL. 


2 " 




......... 


14 *♦ 2 ** 


153 •• 


60 


\" 


Irish 


Lt. b'wn 


9S *« 


R. 




2 *• 






IS «• 4 «• 


92 " 


36 
37 


i" 










De 


scriptii 


>ns lost. 
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TABLE II.— ANALT8B8 OP 80 SAMPLES OP HUMAN MILK. 



Kam- 
1>eron 
blank. 


Labora- 

tOPT 

aiunber 


Color. 


grav. 


li 

< 


it 


t 


II 


m 


Total 
solids by 
addition 
of consti- 
tuents. 


Total 
solids di- 
reetly by 
evapora- 
tion. 


DiffeN 
ence. 


1 


1021 


Tellow 


1.0321 


1.44 


7.20 


7m 


8.81 0.17 


14 S9 


14.46 


-0.07 


• 


1022 




i.oaii 


1.68 


7.6S 


8.66 


9.420.21 


12 97 


12.84 


+0.07 


$ 


1023 


WbYte* 


1.0363 


1.96 


7.31 


4.62 


9.450.18 


14.07 


13.96 


+0.11 
+0.15 


6 

r 

8 
9 

10 


1024 




1.0346 


1.7S 


7.26 


2.96 


9.19,0.18 


12.11 


11.96 


1026 


White" 


1.030 


1.49 


7.23 


2.12 


8.90 0.18 


11.02 


11.11 


-0.09 


1026 


Tw.-whlte 


l.OSO 


1.45 


7.24 


3.20 


8.930.24 


12.1S 


12.10 


+0.0S 
.-0 06 


1027 


Tellow 


1.0.34 


3.12 


6 47 


6.49 


9.91 0.32 


1.-5.40 


15 ..3.5 


1028 


Tellow 


l.OSO 


2.15 


6.61 


2.81 


8 94 0.28 


11.26 


11.40 


-0.15 


1029 




1.032 


2.05 


7.08 


3.00 


9.26 0.13 


12.26 


12.31 


-0.05 


1030 




1.03^ 


1.43 


7.19 


2.11 


8 810.19 


10.93 


10.91 


+0.01 


11 
12 
IS 
14 
lA 
16 
17 
18 
19 


1031 




1.031 


1.98 


6 99 


3.06 


9.17 20 


12.28 


12.21 


+O.0J 


1032 




1.031 


1.76 


6.97 


2.44 


8.930.20 


11.37 


11.40 


-0 08 


103:) 




1.030 


2.40 


6.46 


6 01 


9.07 22 


16.08 


15.07 


+0.01 


1034 




1.032 


2.62 


6.44 


4.95 


9.23 0.27 


1418 


14.16 


+^5! 


1036 




1.0.S2 


2.18 


6.76 


2.84 


9.060. IS 


11.90 


11.88 


+O02 


1036 


Tellow 


1.030 


0.86 


6.50 


6.16 


6.67 0.22 


12.78 


12.73 


ooo 


1037 


Tellow 


1.0:U 


1.49 


7.87 


6.02 


9 03 17 


14.06 


14.18 


-0.13 


1038 


Doll- white 


1.083 


3.96 


7.92 


4.37 


12 00 0.22 


16.46 


16.66 


-O.09 


1039 






.... 


.... 


.... 


....:0.16 




12.34 


.... 


20 

Si 


1040 
1041 














0.30 
0.22 




14 08 
18.01 




!!!! 


!!!! 


.... 


• • . • 


;;;; 


.... 


22 
21 


1012 

lots 














0.21 
0.20 


iiiis' 


12.74 
12.88 




i.ftw 


•i.Vo' 


6.*61 


4.02 


8.91 


-fb*.06 


24 
2!i 
26 
27 

28 
29 


1044 




10.S0 


1.94 17.46 


3.61 


9.66 


0.16 


1317 


13.02 


--0.15. 


1046 




1.032 


2.16 7.00 


5.84 


9.88 


0.22 


15.22 


15.18 


-.0.04 


1046 




l.o:« 


2.08 '6.98 


3.28 


9.26 


0.20 


12.64 


12.39 


- -0.15 


1047 




1.031 


1.98 


7.00 


2.44 


9.19 


0.21 


11.63 


11.84 


-0.21 


1048 


White" 


1031 


2.23 


7.39 


2.96 


9.83 


0.21 


12.78 


12 96 


—0.17 


1049 


White 


1.030 


181 


6.88 


2.80 


8.89 


0.20 


11.69 


11.7> 


— O.Ol 


80 


1060 


Tw.-whlte 


1.031 


2.11 


7.41 


6.04 


9.72 


0.20 


14.76 


14.69 


-^'Z 


31 


1051 


Chalky-white 


1.0S3 


2.27 


6.75 


6.96 


9.17 


0.16 


15.13 


16.21 


—0.08 


82 


1052 


Tw.-white 


1.030 


1.63 


5.84 


6.62 


7.21 ;0. 14 


12.83 


12.9^ 


—0.16 


S3 


1053 


Tellow 


l.OSO 


2.24 ;6.26 


2.76 


8.840.35 


11.60 


11.46 


.-0.15 
--0.1S 


St 


1064 


Chalky white 
White 


1.034 


2.19 |7.46 


6.89 


9.900.26 


16.79 


16.66 


35 


1056 


1.032 


2.4S 7.34 


S.1S 


9.98 0.21 


13.11 


18.20 


-0 09 


86 


1057 


Tellow 


1.031 


2.43 ,7.23 


3.79 


9.880.22 


13.67 


13.63 


+0 04 


87 


1058 


Chalky-whlte 


1.032 


1.60 |7.66 


6.21 


9.37,0.22 


16 68 


15.45 


-.0.13 
--0 07 


88 


1064 


White 


1.021 


1.82 


6.96 


3.97 


8.97!0.19 


12.94 


12.87 


89 


1066 


Tw.-white 


LOW 


2.33 


5.78 


4.21 


8.32 


0.21 


12.63 


12.67 


-0 04 


40 


1066 


Tellow 


1.032 


1.75 


6 94 


3.68 


8.97 


0.28 


12.66 


12.62 


+0.18 


41 


1067 


White 


1.031 


2.46 16.08 


3.82 


8.72 


0.19 


12.64 


12.41 


4-013 


42 


]0.» 


White 


1.031 


1.97 


7.38 


4.16 


9.60 


0.25 


13.76 


18.60 


-fO.16 


43 


1069 


Chalky-whlte 


1.031 


1.60 


7.32 


3.77 


9.0010.18 


12.77 


12.64 


+0.13 


44 


1060 


White 


1.030 


1.49 


7.31 


4.34 


9.0110.21 


13.36 


13.17 


t"-i? 


4ff 


1061 


Tw.-whlte 


i.asi 


2.33 


7.48 


2.47 


9.97i0.l6 


12.44 


12..36 


+0.06 


46 


1062 


White 


1.031 


1.36 


7.24 


4.09 


8.89 0.31 


12.98 


13.16 


-0.17 


47 


1063 


Tellow 


1.032 


4.86 


6.40 


336 


9.460.20 


13.82 


1336 


+^S 


48 


1068 


Yw. -white 


1.0 i2 


1.93 


6.96 


6.69 


9.06;0.18 


1465 


14.68 


■rZ 


49 


1069 


White 


1.031 


2.00 


6.96 


4.64 


9.160.21 


13.80 


13.74 


40.06 


00 


1070 


White 


1.031 


2.06 


6.39 


4.75 


8.620.22 


13.44 


13.48 


-0.04 


61 


1071 


Tellow 


1.030 2.42 


6.95 


6.60 


9.56 0.19 


16.16 


16.26 


—0.09 


A3 


1072 


White 


1.03^ 2.16 


6.76 


6.78 


9.07 0.16 


16.86 


15.89 


—0.04 


63 


1073 


White 


1.029 1.82 


6.83 


4.28 


9.020.37 


13.30 


13.30 


0.00 


64 


1074 


Tw.- white 


1.030 1 50 


7. .34 


3.10 


8.92'0.18 


12.02 


12.12 


—0.10 


66 


1076 


White 


1.028 |2. 43 


6.67 


4.94 


9.27;0.27 


14.21 


14 20 


-^•2 


66-69 


1133 




1.0297 1.16 


7.41 


4.74 


8.78'0.21 


13.57 


13.63 


—0.06 


60-63 


1134 




1.02961.95 


7 02 ;s 86 


9.19|0.22 


13.04 


13.12 


—0.08 


64 


1136 




1.0.312 2.00 


6.69 |3.96 


9.01 0.32 


12.97 


13.05 


—0.08 


66 


1137 




l,0.3n2.25 


7.12 ,6 86 


9.62 0.16 


16.37 


16.36 


-H>-S 


66 


1138 




1.03071.11 


7.07 ,2.73 


8.40 0.22 


11.13 


11.13 


0.00 


67 


1139 




1.0322 1.96 


7.28 ,4.74 


9. .54 30 


14.28 


14.28 


0.00 


68 


1140 




1.0317 2.17 


7.44 4.36 


9.90 0.29 


14 26 


14.26 


0.00 


Robnflt 


Oca sea 




1.031 1.44 


6.94 |3.71 


8.63 0.26 


12.34 


12.37 


-0.03 


i^uiomtc 


6 cases 




1.031 ,2.12 


6.74 13 96 


9.02 0.22 


13.10 


13.08 


+0.02 


Haxi 


miim 




1.0.353 4 86 


7.92 |6 §9 


12.09 0..37 


16.79 


16.66 


0.21 


Mini 


Slum 




1.0260 0.85 


6.40 2.11 6..)7 0.13 


10.92 


10.91 


000 


Aver 


affe 


'If'" 


1.03131.996 

1 


6.936 4.1.S1 9.137,0.201 

1 1 i 


13.268 


13.267 


0.001 
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Ck>xFABi80N OF Final BB8ULT8 WITH Previous Analyses. 

AnalyieM of Eighty Samplet of Wdman*i MUk, 

Reaction uniformly alkaline. 





Average. 


Minimum. 


Maximum. 


I. Speciflc gravity 


1.0313 


1.0-260 


1.0353 


II. Albuminoids 


1.095 


0.85 


4.86 


III. Sugar .... 


6.936 


6.40 


7.92 


IV. Pat ... . 


4.131 


2.11 


6.89 


V. Solids not Cat 


9.137 


6.57 


12.09 


VI. Ash ... . 


0.201 


0.13 


0.87 


VII. Total solids (by addition 








of constituents) 


13.268 


10.92 


16.79 


Vm. Total solids (directly by 








evaporation) , , 


18.267 


10.91 


16.66 


IX. Difference between VII 








andVm. . 


0.001 


0.00 


0.21 


X. Water 


' 86.732 


83.21 


89.08 



The most interesting comparison which can be made is that with 
the results given by Konig {Ghemie der Mensch, Nahrungs xmd 
Genussmittel)^ which are deduced from the analyses of 190 samples. 
These analyses, it should be remembered, were performed accord- 
ing to the most diverse methods, errors in opposite directions 
operating to mutually compensate one another. 

Analyses of samples of woman's milk (Konig) : — 

Average. Maximum. Minimum. 

Albuminoids .... 1.94 0.57 4.25 

Sugar 6.04 4.11 7.80 

Fat 8.90 1.71 7.60 

Ash 0.49 0.14 1.78 (?) 

Water • . • • . 87.09 83.69 90.90 



As might be anticipated, the extremes are wider apart than in 
my own analyses, but the general mean of all, with exception of 
the ash, is tolerably concordant. 

Omitting particular reference to the results of Vernois and 
Becquerel and earlier investigations, I will quote further only the 
results of Gerber (mean of six analyses) , Christenn and Marchand 
(Beilstein's Handb. der Organ. Chem,^ 2081), 



Albuminoids • 

Sugar 

Fat 

Solids not flat 

Ash 

Total solids by evaporation 

Water 



Gerber. 


Christenn. 


Marchand. 


1.8 


1.9 


1.7 


5.4 


6.0 


7.1 


6.3 


4.3 


3.7 


^ 7.2 


8.2 


9.0 


0.4 


0.3 


0.2 


10.9 


12.8 


12.7 


89.1 


87.2 


87.3 
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Biedert (loe* cit,) foand the albaminoids to vary, in the samples 
which he analyzed, between 1.5 to 2.4 per cent. ; fat, between 3.8 to 
4.4 per cent. His mean for albaminoids is 1.95 ; my own is 1.995 ; 
Konig's is 1.94 per cent. 

Tu}0 per centy therefore, may be regarded, without sensible error, 
as the average amount of albuminoids in vx>man*8 milk. 

The more extended series of eighty analyses confirm, however, 
the statements made in my earlier paper (that on Infant Foods), 
the albuminoids being the most variable constituent of woman's 
milk, the fat the next most variable, and the sugar least. Nor 
have I any reason to alter the interpretation therein given of the 
physiological signification of the greater and less variability of 
the individual constituents. 

Relations between the Physical History of the Milk and its 

Composition. 

Relations between the physical history of the milk and its com- 
position. 

The only relations which I shall attempt to discuss here are those 
appertaining to 

1. Color, taste, consistency, and specific gravity. 

2. Age of the mother. 

8. Period of lactation, and interval since nursing. 

4. Nationality. 

5. Physical constitution of the mother. 

1. Color ^ Taste^ etc. — Whether bluish-white, chalky-white, whit- 
ish, yellowish- white, or yellow, the color is no indication of the 
composition. For example, the milk of a German brunette, taken 
one hour after previous nursing and during the tenth day of lac- 
tation, was chalky-white in color, whilst it contained 6.89 per cent 
of fat. This was the largest percentage of fat in any sample. 
On the other hand, though many of the yellow samples were rich 
in fat, other yellow samples were very poor. Thus, No. 8 was 
yellow (the milk being drawn during the fourth day of lactation, 
and four and one-half hours after nursing) while it contained only 
2.31 per cent of fat. 

Taste. — Although the amount of sugar in woman's milk is large, 
being nearly 7 per cent or 2 per cent more than in cow's milk, it 
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is rarely sweet to the taste. Usually, it has a more or less saline, 
somewhat disagreeable animal flavor. 

Consistency, — Although the amount of solids in woman's milk 
is decidedly greater than in cows' milk, its consistency is much 
thinner and more watery. 

Specific Gravity. — The average is somewhat greater than in 
cows' milk, though the entire range of variation is not very dif- 
ferent. Thus, in the 80 samples examined, the average specific 
gravity is 1.0318, the minimum 1.026, the maximum 1.0353. 
Conrad obtained in 130 observations for the two last figures 1.025 
and 1.039. In 147 samples of normal cows' milk L. Janke found 
1.0245 for the minimum, 1.034 for the maximum, and 1.0297 for 
the mean. 

II. Age of Mother. — The milk of women under the age of 20 
is richer in each and every constituent than that of older women, 
The general average of albuminoids for the first lustrum is 2.18 
per cent, while it is only 1.92 per cent for the second, and 2.10 

TABLE III. — MILK OF WOMEN FROM 15 TO 20 YEARS OF AGE. 

(First lustrum.) 

A s= No. of cases above or below the general average. 
B s= Averages for A. 

C =: Averages for women from 15 to 20 years of age. 
D ^ General averages for all years. 



^ <^ 


Albuminoids. 


Milk 


sugar. 


Pat. 


Solids not fat. 


Ash. 


Total solids. 




Above 
av. 


Below 
av. 


Above 
av. 


Below 
av. 


Ab. 
av. 


Bel. 
av. 


Above 
av. 


Below 
av. 


Above Below 
av. 1 av. 


Above 
av. 


Below 
av. 


7 
18 
^8 


3.12 
3.95 
2.23 
2.43 

2.4'2 

2.00 


... ... 

... ... 

IM 
1.44 
1.49 
1.98 
1.82 
1.50 


7.'92 
7.39 
7.34 

6!95' 
7.31 
7.20 
7.37 
6.99 

i',M 
6.95 


6.47 


6.49 
4.37 


2.* 9 5 
3.13 

*3*.06 
3.10 


9.91 
12.09 
9.83 
9.98 

9!56* 
9.45 

97l7 

9."l6* 


9.03 

9!o2 
8.92 


0.32 
0.22 
0.21 
0.21 

... ... 

6.37 

oisii* 




15.35 
16.55 


12 95 


35 










13.20 


21 

51 

3 

1 

17 
11 





5.' 60 
4.62 
5.58 
5.02 


0.19 
0.18 
0.17 
0.17 
0.20 

o.'is* 


i5!25' 
13.96 
14.46 
14.18 


13.01 
12.21 


53 

54 


6.83 


4.28 


13.30 


12.12 


49 




4.64 


13.74 




A 
B 
C 
B 


VI. 
2.70 

2.] 
l.J 


VI. 
1.69 

18 
)95 


X. 

7.27 
7.1 
6.J 


II. 
6.65 

L7 
)36 


VIII 

4.95 
4/c 
4.] 


IV. 
3.06 

L31 


VIII. 

9.89 
9.S 
9.1 


IV. 

8.94 
8 
37 


VI. 

0.26 
0.5 
O.S 


VI. 

0.18 
52 
501 


VIII. 

14.60 
13, 
13. 


V. 
12.29 

87 
267 
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for the third. The difference is still more striking in regard to 
sugar. In the first lustrum the sugar is 7.17 per cent, falling to 
6.91 in the second lustrum, and in the third only 6.77 per cent. 
This falling off is notable, not only in the percentages, but in the 
number of samples which exceed the average. Thus, in the first 
lustrum, 83 per cent, of the whole number of samples exceed tiie 
general avei*age in sugar, while in the second lustrum only 60 per 
cent exceed. A similar diminution is observable in the fat and 
total solids. 



TABLE IV. — MILE OF WOMEN FROM 20 TO 25 YEABS OF AGE. 

(Second lustrum.) 

A SB No. of cases above or below the general average. 

B sss Averages for A. 

C ^ Averages for women from 20 to 25 years of age. 



Vi 9 


Albaminolds. 


Milk-sugar. 


Fat. 


Solids not fat. 


Ash. 


Total solids. 


'•a 
-1 


Above 
av. 


Below 
aT. 


Above 
aT. 


Below 
av. 


Ab. 
av. 


Bel. 
av. 


Above 
av. 


Below 
av. 


Above 
av. 


Below 
av. 


Above 
av. 


Below 
av. 


38 


2!i8* 

i'ii' 
2!oo 

2.33 

2!l9' 
2.24 
...... 

2.33 

2!27' 
2.17 

2!l6' 
2;24' 

2.06' 

2.08 


1.82 

0.S5 
1.81 

l775* 

i.'so 



.•• ... 

1.73 
i!93 

i!49' 
1.68 
1.76 

l!97* 

i!35 


6.96 

7.41* 

7.'48 
7.32 
7.46 

7.'25' 

6!95" 


7.44 
7.23 
7.53 
6.97 
7.00 
7.38 

7.*24 






3.97 

2.84 

2. 'so 

3.' 6 8 
3.96 
2.47 
3.77 

2 .'76 
2.95 

... •*. 

2. '12 
3.55 
2.44 

2! 76 
4.09 

3.'28 


9."72 

9."9f 
9.90 
9;i9' 

9.'l7 
9.90 

9!42 

9!38* 
9.60 


8.97 
9.06 
6.57 
8.89 

8!97" 
9.01 

g.'oo 

8!'84' 

8!32 
9.06 

8.90 
8.'93 

8."84" 
8.89 
8.67 


().'22 

oiii's' 

0.32 

6!25* 
0.35 

o!2l' 

()!29* 

o!2l' 

6!'22 
0.25 
0.35 
0.30 
0.22 


0.19 
0.13 




12.87 


l*) 


6.75 
5.50 

6.88 

6.'94 
6.69 


e.'io 

5.04 




11.88 


]6 




12.73 


?.9 


0.20 
0.20 




11.70 


30 
40 


14.69 


12.52 


64 
45 


o.'ie" 

0.18 


13.05 


12.36 


43 







"ieM 


12.64 


34 
33 


6.'26* 


6.89 


11.46 


4 


0.18 




11.96 


39 


5.78 
6.'75* 


4.21 
5.59 
5.96 
4.36 




12.57 


48 

31 

68 

5 


0.18 
0.15 

o.'is* 


14.58 
15.21 
14.26 


11.11 


2 








12.84 


12 






0.20 




11.40 


25 
42 
33 


6.'25* 


5.84 
4.16 


15.18 
13.60 


11.45 


46 






13.15 


50 
26 
19 


6.39 


4.75 


0.15 


13.48 


12.34 








A 
B 
C 


XIII. 

2.18 

1- 


XII. 

1.64 
92 


XIV. 

7.26 

6. 


X. 

6.41 
91 


X. 

5.40 
4. 


XV. 

3.16 
05 


IX. XV. 

9.58 8.80 
9.09 


XIII. 

0.27 
0. 


XII. 
0.17 
22 


IX. XVI. 

14.52 12.18 

13.02 
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TABLE v. — MILE OF WOMEN FROM 25 TO 80 TEARS OF AGE. 

(Third lustrum.) 

A sa No. of oases above or below the general average. 
B ^ Averages for A. 

C ^ Averages for women from 25 to 30 jears of age. 
D ^ General averages for all ages. 



^ 0) 


Albuminoids. 


Milk-sugar. 


Tat. 


Solids not fat. 


Ash. 


Total solids. 


^1 


Abovo 
av. 


Below 
aT. 


Above 
ar. 


Below 
av. 


Ab. 
av. 


Bel. 
av." 


Above 
av. 


Below 
av 

9.07 

8.*94 
7!2*i* 

SAO 
8.91 
8.81 

9.*07 

9.*0()* 
9.01 


Above 
av. 

0.22 
0.27 
••. ... 
0.28 
0.30 

6.'2*2 

o.zi 

... ... 

0.27 

6.*2*i* 


Below 
av. 


Above 
av. 


Below 
av. 


13 
14 

47 

6 


2.41) 
2.52 
4.86 
2.15 

••• ... 
2.05 

iWo 

1.'98' 
2.15 
2.43 

••• ... 


••• ... 

••• ••. 

i!96' 
1.53 

iiii' 

1A5 

i!5*6' 

1.49 


7.28' 

7.45* 

7.08 
7.07 

7!i9' 
7.00 

7!32 

7.31 


6.45 
6.44 
5.40 
6.51 


6.01 
4.95 

4*74 
5.62 


3.'36 
2.31 

3.* 61 
3.00 
2.73 
4.02 
2.11 
2.44 

3.*7*7 


9!23* 
9.46 

9!*54* 

9"5*6* 
9.26 

97l*9* 
9.*27* 


6720' 


15.07 
14.16 
13.35 


11.40 


67 
3?- 


6!i4* 

0.16 
0.13 


14.28 


12.99 


24 




13.02 


9 








12.31 


66 








11.13 


23 


6.61 




0.20 
0.19 




12.88 


10 




10.91 


?.7 








11.84 


52 
65 
43 


6,76 
6.57 


6.78 
4.94 


0.16 
()!'l*8* 


15.89 
14.20 


12.64 


44 




4.34 




13.17 










A 
B 
C 
D 


VIII. 
2.58 

2. 

1. 


VIII. 
1.62 
10 
995 


VIII. 
7.21 

i. 


VIII. 
6.32 
77 
936 


VII. 

5.34 
4.C 
4.1 


IX. 
3.04 

31 


VII. 
9.36 
9.( 

9.] 


IX. 

8.71 
K) 
L37 


VIII. 
0.25 
0.1 


VIII. 
0.17 
21 


VI. 
14.49 
13. 
13. 


X. 

12.23 
08 
267 



This research affords no adequate data as to the rate of decrease 
beyond the age of 30 years. The only complete analysis bearing 
upon this point is that of the milk of a dark-haired, black-eyed 
swarthy Pole, of gross habit and enormous breast development, 
who, at the age of 33 years, had been the mother of nine children. 
Two ounces were drawn from the right breast only, five hours after 
previous nursing. It was low in specific gravity, and yellow in 
color. It contained: — 

Per cent. 

Albuminoids 2.24 

Sugar . 6.25 

Fat 2.76 

Solids not fat 8.84 

Ash 0.35 

Total solids 11.45 
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III. Period of Lactation^ etc. — If we divide this period into four 
intervals, the first extending from the beginning of lactation to 
the eleventh day after ; the second from the eleventh to the thirty- 
first day ; the third from the thirty-first to the ninety-first day ; 
the fourth from the ninety-first day to the tenth month of lactation, 
we shall note the following changes : — 

Albuminoids are greatest in the first interval, being 2.82 per cent. 
In the second, they exceed the general average, being 2.09 per 
cent. In the third interval they fall as much below the average 
as in the first they exceeded it, remaining at a low figure during 
the rest of lactation. 

Sugar is least immediately after parturition and much below 
the average, whilst it is above and nearly constant during the three 
remaining periods. 



TABLE VI. — MILK OF WOMEN FROM FIRST TO ELEVENTH DAY OF 
LACTATION. 

A = No. of cases above or below the general average. 
B = Averages for A. 

C » Averages from the first to eleventh day of lactation. 
D = General averages from the Ist to 270th day of lactation. 







Albominoids 


Milk-sugar. 


Fat. 


Solid g not 
fat. 


ABh. 


Total Bolida. 


CD 


Ab've 
av. 


Bel'w 
av. 


Ab've 
aT. 


Bel'w 
av. 


AVve 
av. 


1 

Bel'w Ab've 

av. 1 av. 


Bel'w 
av. 


Ab've 
av. 


Bel'w 
av. 


Above 
av. 


Below 
av. 


13 
14 

7 
47 

3 


1 
1 
2 
2 
2 
2 
3 
8 
3 
4 
6 
5 
5 
6 
6 
8 
10 
10 


240 
2.52 
3.12 
4.86 

2!r8' 

2!oO* 
2.15 

2.46 

2;r9 


liis' 

1.82 
i'.75 

o.'Ss* 

.a.... 

1.96 
l.*53' 


...a*. 
..a... 

7!2i' 
6.96 

...... 

7.28 
7.92 

7M 


6.45 
6.44 
6.47 
5.40 

6.75 
6.94 
6.69 
6.51 
5.50 

eios' 

5!84* 


6.01 
4.95 
5.49 

4.74* 
4.37 

6!62 
6.89 


3!.36 
3.20 
3.97 
2.84 
3.68 
3.96 
2.31 

2!47 
3.'82 


9.23 
9.91 
9.46 

9!97 
9.54 
12.09 

9.'90" 


9.07 

8.'93* 
8.97 
9.06 
8.97 
9.01 
8.94 
6.57 

8!72* 


0.22 
0.27 
0.32 

6!24 

6!28* 
0.32 
0.28 
0.22 

oiso* 

0.22 
6.'25 


6.'20' 


15.07 
14.16 
15.35 
13.35 


1210 


88 
15 


0.19 
0.18 




12.87 
11 88 




40 




12 52 


64 

8 




13.05 


11.40 


16 






12 73 


45 


0.16 

o.'i? 
oiiT 




13 36 


67 
18 
41 


14.28 
16.55 


12.41 


21 
32 





13.01 
12 99 


84 


16.66 




A 
B 
C 
D 


XI. 
2.74 

2. 

1. 


VI. 

1.56 
52 
995 


VI. 
7.40 

6. 

6. 


XI. 

6.28 
57 
936 


VIII. 
5.58 

4. 

4. 


IX. 
3.29 

m 

181 


VII. 
10.01 

9. 

9. 


X. 

8..54 
L5 
L37 


XI. 

0.26 
0.' 
0.1 


VI. 
0.17 
33 
201 


VIII. X. 

14.81 12.43 
13.48 
13.267 
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Fat, like the albuminoids, is much in excess of the general 
average immediately after parturition, being 4.93 per cent. After 
the eleventh day it falls, being only 8.97 per cent. 

The saline constituents are nearly constant during all stages of 
lactation, although slightly in excess during the first ten days. 

The sum of solids not including fat does not vary greatly. Its 
amount in the first interval is 9.15 per cent, the general average 
being 9.14. 

Interval since Nursing. — Nearly all the samples were drawn 
two hours after nursing, but certain ones, more especially Nos. 18, 
82, 33, 39, were drawn immediately. In fat, albuminoids, salts, 
and total solids, they were in excess of the general average. 



TABLE VII. — MILK OP WOMEN FROM THE llXH TO 31ST DAY OF 

LACTATION. 



o S 



88 
65 
26 

4 
89 
29 
48 
28 
81 
24 

9 
61 
68 

8 

6 
60-3 

2 
80 
35 
66 



Albuminoids 



AVve 
ay. 



2.24 
2.26 
2.08 



2.33 



2.23 
2.27 



2.05 
2.42 
2.17 



2.11 
2.43 



Bel'w 
av. 



1.73 

lisi' 

1.93 



1.94 



1.96 
1.49 
1.96 
1.68 



1.11 



Milk-sngar. 



AbWe Bel'w 
av. av. 



7.12 
6.98 
7.26 



7.39 

7A5 

7.08 
6.96 
7.44 
7.31 
7.23 
7.02 
7.63 
7.41 
7.34 
7.07 



6.25 



5.78 
6.88 



6.76 



Fat. 



AVve 

av. 



5.86 

i!21* 
6!69 
5!96 



5.60 
4.36 
4.62 



6.04 



Solids not 
fat. 



Bel'w Ab've 
av. 



2.76 



3.28 
2.96 

2!80' 

2!96 



3.61 
3.00 



2.12 
3.85 
3.65 

8.T3 
2.73 



9.52 
9.26 
9.19 



9.83 
9.17 
9.66 
9.26 
9.66 
9.90 
9.45 



9.19 
9.42 
9.72 
9.98 



Ash. 



Bel'w Ab've 
av. av. 



8.84 



8.32 
8.89 
9.06 



8.90 



8.40 



0.36 



0.21 



0.21 



0.29 



0.22 
0.21 

6!2T 
0.22 



Bel'i 
av. 



0.15 
0.20 
0.18 



0.20 
0.18 



0.16 
0.16 
0.13 
0.19 

oils 

0.18 



0.20 



Total solids. 



Above 
av. 



15.36 



14.69 
14.68 



16.21 



15.25 
14.26 
13.96 



14.69 



Below 
av. 



11.45 

12.39 
11.96 
12.57 



12.95 

13.03 
12.31 



11.11 
13.12 
12.84 

13.20 
11.13 



A 
B 
C 

D 



XI. IX. 

2.23 1.76 
2.09 
1.995 



XVI. IV. 

7.22 6.42 
7.06 
6.936 



VIII. XII. 

5.02 3.23 
4.00 
4.131 



XIV. VI. 

9.50 8.74 
9.27 
9.137 



VIII. XII. 

0.24 0.17 
0.201 
0.201 



VIII. XII. 

14.75 12.25 
18.25 
13.267 
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TABLE VIII. — MILK OP WOMEN FBOM THE SlST TO 9lST DAT OP 

LACTATION. 



^« 


i 


Albaminoldt' Milk-Bogar. 


Pat. 


Solids not 
fat. 


Ash. 


Total Rolids. 


if 


AbWe 
av. 


Berw 
aT. 


AbWe 
av. 


Bel'w 
aT. 


AbWe 
ay. 


BbVw 
aT. 


Ab've 
aT. 


Bel'w 
ay. 


Ab'Te 
aT. 


B«rw 

aT. 


AboTe 
aT. 


Below 
av. 


12 


'^i 


1.76 
1.44 
1.49 
1.98 

•••••• 

1.45 

1.82 


6.97 
7.20 
7.87 
6.99 

7.19 
•■•••• 
7.00 


6.6*1" 
6!83 
6.76 


5.5S 
6.02 

4!28' 
6!78 


2.44 

• •■•a 

3.06 

2.11 
2M 


9.19 
•••••■ 


8.93 

8.81 
9.03 

8.91* 
8.81 
9.02 

9!o7* 


oiso 

6.37* 
0.21 


0.20 
0.17 
0.17 
0.20 

0.19 




11 40 


1 


45 

49 
18 
60 
53 
82 
88 
89 
90 


•••••■ 

i'i'o 

2.16 


14.46 
14.18 




17 

11 


12 21 


20 
28 


14.08 


iS.'sS* 


10 




10 91 


53 
27 


13.30 


11 84 


52 


0.16 


15.89 








A 
B 
C 
E 


) 


2.0V 

i.e 
i.t 


VI. 
1.66 
M) 


VI. 

7.12 
6.J 
6.J 


III. 

6.73 
)9 
)3d 


IV. 
5.41 
S.( 

4.1 


V. 

2.81 

n 

L31 


II. VII. 

9.18 8.94 
8.99 
9.137 


III. VII. 

0.29 0.18 
0.22 
0.201 


V. V. 

14.38 11.85 
13.11 
13.267 



TABLE IX. — MILK OP WOMEN PROM THE 91ST DAY TO THE IOtH 
MONTH OP LACTATION. 






Albaminoids 



av. 



Milk-sugar. 



Belw Ab'Te 
av. aT. 



Bel'i 
aT. 



Fat. 



Ab'Te 
aT. 



Bel'w 
av. 



Solids not 
fat. 



Ab'Te Bel'w 
aT. aT. 



Ash. 



Ab'Te Bel'w 
aT. 



Total solids. 



Aboye 
av. 



Below 
av. 



93 
116 
126 
132 
136 



55 

26 

19 

54 
66-9 

43 1160 

42 167 
180 
180 
186 
217 
270 



2.43 
2.16 



6.57 



44 
46 
50 
49 



2.06 
2.00 



1.50 
1.16 
1.60 
1.97 

i!49 
1.35 



7.00 

i'M 

7.41 
7.32 
7.38 

7!3T 
7.24 

'J 6!96 



6.39 



A 
B 
C 
D 



IV. VI. 
2.16 1.50 

1.78 
1.996 



VIII. II. 

7.24 6.48 
7.09 
6.936 



4.94 
6.84 



4.79 
4.16 

4.*76 
4.64 



9.27 
9.38 



0.27 
0.22 



3.10 
3!7f 



9.60 



8.92 
8.78 
9.00 



0.15 
0.18 



14.20 
15.18 



0.21 



4.09 



9.16 



9.01 
8.89 
8.67 



0.25 
0.21 
0.21 
0.30 
0.22 
0.21 



0.18 



13.63 

is.'eo' 



13.48 
13.74 



VII. III. 

4.78 3.65 
4.44 
4.131 



IV. VI. 

9.35 8.88 
9.07 
9.137 



IX. 
0.23 



III. 
0.17 



12.34 
12.12 

12.64 

12.74 
13.17 
13.15 



0.22 
0.201 



VI. VI. 

13.97 12.69 

13.34 

13.267 



IV. Nationality, — The statistics are entirely too meagre to de- 
termine the influence of nationality. It would be necessary to 
obtain for each race a large collection of results, in which the other 
causes of variation, like age, period of lactation, etc., were allowed 
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for or eliminated. This has never been done, and would require, 
not eighty, but many hundred, analyses. 

The difficulty of generalization upon these points can be most 
forcibly illustrated by comparing the analysis of sample No. 40, 
which was obtained from a negress, with the other samples, and 
with the general average. Neither in color, smell, nor other physical 
characteristics, nor in chemical constitution, was this one sample 
so markedly different from the others as to be put, as some have 
proposed to do with the milk of negro women, in a class by itself. 
V. Physical Constitution of the Mother, — A comparison of the 
physical characteristics of the mother, whether blonde or brunette, 
or more minutely, as to color of eyes, hair, complexion, etc., has 
not shown that these differences are necessarily related to corres- 
ponding differences in the composition of the milk. But actual 
differences in the physical condition of the mother are intimately 
related. The samples obtained from women of over-robust habit 
were not so rich in albuminoids as those from pronouncedly anaemic 
women ; and, generally speaking, the best milk was obtained from 
lean women in good physical condition. 

Graphic Chart. — A great deal of labor was devoted to the pre- 
paration of a graphic chart of the results of the analyses performed 
daring the course of the present investigation. It was thought 
that the study of such a chart might reveal some law governing 
the relative amounts of the various constituents, which law might 
escape notice in comparing merely tabulated figures. The chart 
represents the results grouped according to the period of lactation, 
and follows the same order as that of Table I. In case, however, 
a number of samples were obtained from the same mother on dif- 
ferent dates, these analyses are represented consecutively. These 
exceptions to the general order of arrangements are to be noted 
in samples 7, 18, 28, and 35, in samples 15, 16, 26, 29, and 30, 
and in samples 1 and 17. The horizontal lines in the chart repre- 
sent differences of one-lifth of one per cent ; the vertical columns 
represent the sample analyzed. 

One feature the chart exhibits in the most striking manner, and 
that is the great variability in the constitution of women's milk. 
The proportion of fat more especially varies in an exceedingly 
arbitrary manner. But as to any fixed and definite relation gov- 
erning the proportion of the constituents to each other, or to the 
sum total of the solid constituents, the graphic chai't thus far has 
failed to afford a satisfactory indication. 
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ADDRESS 

BY 

PROFESSOR ROBERT H. THURSTON, 

VICE PRESIDENT, SECTION D. 



THE MISSION OF SCIENCE. 



Before taking up the subject which I have selected as a proper 
one for discussion in a vice-president's address, on this occasion, 
I desire to give expression to my sense of the great honor which 
has been conferred upon me in calling me, for a third time, to the 
chair of vice-president of the American Association for the Ad- 
I vancement of Science, and to preside at the sessions of the section. 
In taking the position to which your too favorable Judgment has 
called me, it is my first and most pleasant duty to thank you for 
this most unequivocal testimony of the confidence which you re- 
pose in me, and to assure you of my earnest desire to do what lit- 
tle my opportunities and my powers may permit toward making 
your sessions both pleasant and profitable, and toward promoting 
the prosperity of the great association to which we are proud to 
belong. 

We are especially favored, the present year, in having with us 
members of our great sister society, the British Association for 
the Advancement of Science, who have come to join us from Mon- 
treal, where the meeting of that society has just been held, and 
I where they have taken part in proceedings of no less importance 
I than interest. It is our pleasant duty to tender to these gentle- 
men a hearty welcome, and to endeavor to make their visit to the 
" City of Brotherly Love" one that shall leave in their memories 
so many reminiscences of agreeable acquaintances made, of strong 
friendships begun, of open-handed and open-hearted hospitalities, 
and of profitable and interesting discussions, that they may never 
forget the cognomen of this noble city. If we shall be able to give 
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them but a suggestion of the pleasure and the profit gained by 
those of our own number who were so fortunate as to be able to 
accept their generous and whole-souled greetings at Montreal, we 
may well be content. We can at least do our best to convince 
them that the capital of the ^^ Keystone State/' the first capital of 
the United States, is at least as well entitled to the fraternal re- 
gard of our British guests as is the beautifUl Canadian city from 
which they are just come. 

As time goes on with steady and unvarying sweep toward the 
eternity of the future, and as our two nations, our one, hardly di- 
vided, people, are becoming bound more and more closely by every 
interest, and by all memories of the past, by all the sympathies 
that are engendered in the breasts of members of one race and of 
one great family ; and as we are more and more closely tied by 
the bonds typified by the continually increasing number of the 
great cables of steel nerves that stretch across the ocean which 
now only nominally separates us, and as we find the once seem- 
ingly infinite expanse of that ocean narrowed by that most won- 
derful of the products of the growth of the science and the art of 
mechanics, the modern steamship, until the weeks of the past have 
become the days of the present ; as we are beginning to realize the 
fact of the true unity of the human race, and the duty that lies 
with us to promote, in every one of the thousand ways that men 
of science, more than all other men, can eflfectually work, that 
spirit of self-abnegation and philanthropy, regulated by the prin- 
ciple of intelligent and honorable self-protection, upon which we 
are beginning to see that we must, and ought to, rely for the amel- 
ioration of the countless evils which are to-day a consequence of 
selfish and unintelligent human actions, this bond becomes 
strengthened in numberless ways. We ftilly realize that "in union 
is strength," and that the fraternal sentiment which we hope that 
these meetings are effectively promoting may be a very important 
factor in the solution of a problem — that of the reduction of the 
sum of evil in the world — which has been earnestly studied by 
every thinker since the world began. In behalf of the members 
of this body, I extend the right hand of fellowship to our guests, 
and bid them heartily welcome to all that we may be able to offer, 
and to share with them, at this meeting. 

Gentlemen of the Section and friends who have honored us with 
your cheering presence :— It is just two hundred years since, in 
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deference to the enlightened views of Sir John Cutler, the Chair 
of Mechanics was founded in the Royal Society of Great Britain. 
May we not hope that this Section of Mechanics of the American 
Association for the Advancement of Science may prove to be 
worthy, in its interest, its fruitfulness, and its stimulation of other 
and greater work, of so grand an anniversary ? 

I have selected the subject of my address on this occasion, "The 
Mission of Science," as one peculiarly appropriate to the time 
and the occasion. % 

Seven years ago, at the Nashville meeting, I was called, by the 
members of what was then Section A of this association, to take 
the chair, in the absence of the regularly elected vice-president for 
that meeting, and performed the pleasant task of reading an ad- 
dress, prepared by him on the " Endowment of Science." Before 
the meeting of 1878, at St. Louis, in the regular course of my du- 
ties as vice-president, and as chairman of the same section, it be- 
came necessary to prepare an address to be delivered before the 
association, and the subject then chosen was " The Philosophic 
method of Advancement of Science," or, perhaps more explicitly, 
The Science of the Advancement of Science. In the first of these 
addresses, the attention of the association was earnestly called to 
the necessity of increasing the efficiency of scientific work, and of 
making most fruitful the labor of the comparatively few workers 
in this field, in the United States, by securing such an endowment 
of research as is now, fortunately for our nation, becoming usual 
in the departments of higher education. In the second of these 
discourses, I endeavored to point out what, in my opinion, is the 
truly scientific method of securing the greatest possible results 
with minimum expenditure of life, strength, mind and matter, and 
at least cost to the world. 

I defined science, substantially, as knowledge systematically or- 
ganized. I then called attention to the facts that it consists of 
two divisions : knowledge of phenomena gathered by observation 
and experiment, and knowledge of laws controlling and correlat- 
ing these phenomena. As then stated, '^ all science is thus made 
up from the infinite number of facts which are comprehended in 
the universe of the known and the to be known. Its existence is 
assured by the stability of all those principles of philosophy which 
are woven into the connecting chain." '* The man of science, the 
philosopher whose task it is to create and to advance all human 
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knowledge of the great kingdom of nature, is, therefore, a discoy- 
erer of facts, an observer of phenomena, a student of Nature's 
laws. He is a systematic recorder of facts, and a codifler of laws." 
It was shown that all science has for its foundation the great, the 
fundamental principle of the^indestructibility of ^' the two products 
of creation, matter and force, and the fruit of their union, energy/' 
The next step in the argument led to the classiflcation of the forces 
of nature into physical — including chemical — vital, mental, and 
^^^ the master power. Omnipotence, which is the source and the 
sustainer of all existences," and this division leads naturally to a 
similar division of science into physical, biological and mental 
sciences. It is with the first of these grand divisions of science, 
only, that we are concerned. 

The scientific method of advancing science was shown to com- 
prehend a systematic collection of all facts and phenomena, as ex- 
hibited to the senses in the course of our experience, either by 
simple observation or by carefully conducted experiment; the 
systematic arrangement of the knowledge so obtained, and the 
registration of this knowledge in natural order and relations; 
the study of such recorded facts of science with the purpose of 
ascertaining the laws that define their relations ; the similar co- 
ordination of separate collections of such related facts and laws, 
for the purpose of detecting the character and the mathematical 
form of the more general laws that may determine the relations of 
group to group and of science to science ; and finally, the aggrega- 
tion, if it prove to be possible, of all science into one universal 
system comprehending all the phenomena of nature. 

To accomplish this great work there are needed several classes 
of workers, each of whom, to secure maximum efficiency, must be 
a specialist, and must give his time and his thought and his strength 
mainly to a single line of work. We must have observers, each of 
whom should be fitted by every natural endowment for the study 
of nature, and for the investigation, by direct experiments intelli- 
gently planned and skilfully conducted, of the natural phenomena 
which are characteristic of, and, perhaps, peculiar to, his branch. 
We must have philosophers capable of perceiving and expressing 
the relations of the phenomena so collected, and of thus revealing 
to us the laws of each of the sciences. We need men who can per- 
ceive and exhibit the relations of the several sciences to each other, 
and their positions in the scheme of universal science. Finally, 
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we require a still larger and more directly useful class, the teachers 
of science and the no less important body of laborers who make 
application of science in all the arts of daily life and work. 

But all of these classes being organized, and all the fields of 
work open to man being assigned to them, each taking his proper 
division of the great task, progress would be but slow, and, in 
these days almost at a standstill, but for the aid of still another 
body of co-laborers, who, without pretending to deep knowledge 
in any division of science, without possessing talent for research, 
either in the laboratory or in the study, and unable often to real- 
ize all the beauty and all the importance of the mighty work that 
they are helping on, nevertheless generously devote the fruit of 
years of toil and the product of enormous activities and energy to 
the cause. These are those who have given, and who are still 
generously and liberally giving, material assistance by their splen- 
did contributions to the scientific departments in our colleges and 
of our technical schools. The endowment of research, which will 
certainly ere long become an acknowledged and legitimate division 
of this work, is, after all, as essential an element of the scientific 
method of advancing science as either of the others. Those who 
give of their substance to aid in the promotion of science are enti- 
tled to hardly less honor than those who devote life and health and 
strength to the good work. Those who take part in the endowment 
of research are the truest and greatest of modern philanthropists. 

When we have thus ascertained what is the philosophic method 
of the advancement of science, and have determined how we may 
most efficiently carry on the work in the true spirit of the " science 
of science-advancement," we may find it to our advantage to 
pause, and to ask to what end is all this labor to be applied. What 
is the object of directing this enormous array of intellectual power 
into the field of scientific inquiry ? Having settled upon the form 
of the system, and the details of the mechanism by which this de- 
velopment of science is to be secured with greatest ease, accuracy 
and rapidity, to what purpose is this great scheme to be applied ? 
What is the use, and what is the object, of systematically gather- 
ing knowledge and of constructing a great, an elaborate, system 
having the promotion of science as its sole end and aim ? What 
is *' The Mission of Science?" 

The mission of science is the promotion of the welfare, material, 
and spiritual, physical and intellectual, of the human race. It has 
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for its purpose and its object the improvement, in every imaginable 
way, directly and indirectly, bf the mind and the body, the heart 
and the soal, of every human being. It is charged with the duty 
of seeking the cause of every ill to which mankind is subject ; of 
finding a remedy for every misfortune to which the race is now li- 
able ; of ameliorating every misery known to sage or savage ; of 
seeking ways of giving to all every comfort and all healthful luxu- 
ries ; of reducing the hours of toil, and offering to the relieved la- 
borer intellectual occupations that shall at once take from him all 
temptation to waste his life in indolence and dissipation and give 
him aid in his feeble efibrts to climb upward into a higher life ; of 
enlightening the world intellectually ; of giving it leisure to per- 
fect itself ethically, and to gain those elements of character that 
are so sadly crushed out by the terrible pressure of our incomplete 
civilization, sentiments of honor and justice, feelings of love and 
sympathy, and a spirit of devotion that can only be found highly 
developed in either the simple child of nature, or in the soul that 
has time, in the midst of a driving world, to reflect, to aspire and 
to gi'ow. The true mission of science is one that extends far be- 
yond the workshop of its servants ; it extends far beyond our ken, 
and beyond the range of our mental grasp and farthest view. The 
great fact that material prosperity is the fruit of science, and that 
other great truth, that as mankind is given opportunity for medi- 
tation and for culture, the higher attributes of human character 
are given development, are the best indications of the nature of 
the real mission of science, and of the correctness of the conclusion 
that the use and the aim of scientific inquiry are to be sought in 
the region beyond and above the material world to which those 
studies are confined. 

The Mission of Science will be fulfilled in precisely the degree 
to which it assists us in the protection and preservation of the in- 
dividual, of the family and of the nation ; just so far as it aids each 
member of the race to attain the allotted term of life, continuous 
health, and a maximum of happiness, while, at the same time, giv- 
ing him the opportunity to assist his neighbor most effectively in 
the endeavor to reach the same ends, and so far* as it stimulates 
him to do well every duty that comes to him whether in his pri- 
vate or his public relations. It will aid every citizen in his efforts 
to gain the most that can be secured by the practice of industry, 
skill, intelligence and frugality, to obtain the comfortable inde- 
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pendence that every man hopes to enjoy in his old age, and the 
means of carrying his children on to a higher plane than that upon 
which he himself entered when taking up his life's work. 

The methods properly adopted in the endeavor to prosecute this 
mission, so far as they relate to the development of the sciences, 
have been already summarized. It has been seen that the method 
is in itself scientific. Science first observes, then experiments with 
a view to the revelation of new facts and unknown laws by sys- 
tematic research, then applies the power of logic to the construc- 
tion of an organized, complete and exact system of definite 
knowledge. First she collects facts and records phenomena, then 
she seeks to discover and exactly to enunciate the laws control- 
ling them, and finally produces, by the intelligent use both of in- 
duction and deduction, a symmetrical and perfect whole. Thus 
she creates systems of knowledge, and thus she will sometime, we 
may hope, knit these several systems into one great all-embracing 
system of the universe. 

But, while this scientific method of advancement of science is 
evidently that which will yield the greatest returns, it is not the 
fact that we are indebted to such philosophic methods for the 
production of the modern sciences. It is a fact which is more 
significant than surprising that, as Whewell remarks, '^art has 
always gone in advance and science has followed to give the rea- 
sons for the phenomena discovered and the methods found best in 
art." " Art is the parent, not the progeny, of science," and, while 
it is true that progress is always most rapid and most satisfactory 
when art and science go hand in hand, it has been almost invariably 
the case that art has struggled painfully and haltingly and doubt- 
fully onward, in every department, slowly and unsteadily advancing, 
yet almost always going before science, who should have been her 
leader, her teacher, and her most powerful supporter. This fact is 
not to be considered as representing a natural state of things nor 
as in the slightest degree discouraging. Like every art, science, 
in each of its departments, has been passing through a period of 
infancy, during which it knew neither its powers, it^ object or 
mission, nor its proper methods of work. Jt required protection 
and the aid of art until it should be fully formed and coippetent to 
take up its labors and to requite the assistance which had been 
given it. In the past the arts have led ; in the future we shall see 
science leading and directing every development of thp arts. His- 
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tory tells us that bleaching and dyeing were familiar arts before 
the science of chemistry had a name ; the inventor of gunpowder 
lived before Lavoisier ; the mariner's compass pointed the seaman 
to the pole before magnetism took form as a science ; the steam- 
engine was invented and set at work, substantially in all essential 
details as we know it to-day, before a science of thermo-dynamics 
was dreamed of; the telegraph and the telephone, the electric light 
and the railroad, have made us familiar with marvels greater than 
those of fiction, and yet have been principally developed, in every 
instance, by men who had acquired less of scientific knowledge 
than we demand to-day of evei-y college-bred lad. 

But all this is of the past. Science has attained a development, 
a stature and a power, that gives her the ability to assume her 
place in the great scheme of civilization. Hereafter she will direct 
and will lead. The blind, scheming ways of the older inventor 
will give place to the exact determination, by scientific methods, 
of the most direct and mosteflQcient way of reaching a defined end — 
methods now daily practised by the engineer in designing his ma- 
chinery. Instead of long, discouraging, and painful efforts to 
reach a result which is indistinctly defined, science will, hereafter, 
first determine Just what is the end to be sought, and then will 
show the direct line to that end. Uncertainty will give place to 
certainty, and wasted work will be reduced to the least possible 
amount. 

The aids to science have been already briefly referred to. They 
are partly material, partly moral, partly intellectual. In the very 
infancy of civilization the most eflacient aids were tendered freely 
to science. The rulers of the earliest historic nations gave en- 
couragement to the sciences, such as they were in their day ; gov- 
ernments founded universities in the days of the Greeks and the 
Bomans ; the greatest minds of those times were led to turn their 
attention to philosophy, and students in thousands thronged the 
schools. Aristotle made a rude yet definite beginning in the phys- 
ical sciences ; Alexander endowed research most liberally in the 
person of his great master : the same great warrior urged upon 
Nearchus the prosecution of the greatest of his plans of geogi-aphi- 
cal exploration, and gave him means to carry out his schemes ; an 
enormous library at Alexandria furnished the student the then 
available knowledge of the world ; the enormous " museum " in 
which it was preserved gave an impetus to science that hai^ never 
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been lost ; Euclid, Archimedes, Eratosthenes, Hipparchus and 
Hero, those wonderful men who gave us geometry, taught us the 
elements of mechanics, the principles of hydrostatics and the lever, 
founded systematic astronomy and physical geography, put on 
^ ^^ record the earliest notions of the correct form of the earth and the 
lien- TBotions of the moon, catalogued the stars, and measured their an- 
i^r gular distances, and who first used and described the germ of the 

^'^ip. steam engine and a thousand other mechanical inventions, were 
' [f themselves the product of an enlightened policy. 

ict i The Arabians transferred the seat of science to the west, and 

erected her capital near the shore of the Atlantic. Experimental 
ier science there had a new birth, and the wealth of the Saracens, and 

) s« the intellect of the greatest among the Moors and the Jews, there 

.:e: contributed to the growth of real knowledge. Alchemy, the parent 

ie: of chemistry, was there born, and her progress has never since been 

f- interrupted. Marcus Graecus' gunpowder, the more powerful 

^r acids, phosphorus, and systematic chemical methods of investiga- 

^ tion, are some of the products of the intellectual activity of that 

time. 

Centuries later, and after a period of stagnation and darkness, 
] the light again flashes up and this time it appears in what is now 

^ the home of European civilization. The extension of commerce 

leads to maritime discovery ; the awakening of the people by these, 
to them, startling discoveries, leads to progress in every direction. 
Galileo and Bruno die that science may forever live ; the invention 
of the telescope stimulates astronomical discovery, and the forma- 
tion of the modern science of the solar and sidereal systems ; the 
magnificent labors of Newton illustrate the progress of the sciences 
of physics and mechanics. Eveiy branch of natural philosophy 
grows and puts forth branches in turn, and the idea of the universal 
dominion of physical laws becomes accepted as a foundation prin- 
ciple in science, and as the basis of the operations of the universe. 
Geology, ethnology, physiology, the broader science of biology, 
take form and grow with astonishing rapidity ; and, with their 
growth, come the minor sciences and the enormous mass of under- 
lying facts determined by the now well-established methods of 
scientific investigation. Finally, in the later times in which the 
last three or four generations have borne a part, science and art 
have learned to work together, and have gone on, hand in hand, 
each aiding the other, art supplying facts, science finding out 
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nature's laws as illastrated in those facts, and both, gradually, and 
more and more rapidly and fully, revealing the beautiful and won- 
derful system upon which the world is constructed, and all its 
curious operations carried on, while, at the same time, applying 
useful knowledge, thus acquired, in promoting the welfare of the 
human race. Electricity and magnetism, light and heat, and 
every form of physical energy and of active force, have become 
revealed to man in all their relations, and in all their methods of 
operation. Discoveries in physics and chemistry succeed, each 
other with a rapidity that taxes even the specialist who endeavors 
to keep himself informed in regard to them. Mechanical inventions 
crowd into our life with such wonder-working results that every 
day sees a new task accomplished that, the day before, would have 
been regarded as little less than miraculous. The human voice is 
transmitted a thousand miles, the written word is sent across the 
bed of an ocean three thousand miles wide, almost in less time 
than is required to write it ; the traveller breakfasts at Boston, 
dines at New York, and sups at Washington on the same day. 
Ten thousand tons are transported from continent to continent, 
over fifty degrees of longitude, in six days ; one workman, with 
the assistance of machinery, produces more than, a century ago, 
could a hundred men, doing their best, in the earlier rude ways. 
\We read, in the beam of light, the distance and the rate of motion 
-of the stars, and learn in the same wonderful system of ethereal 
waves, to determine the nature of the matter of which those stars 
are composed. Man is turning his work in the world over to the 
more exact and more powerful machines that he has devised and 
built, and machinery here weaves his cloths, there gathers his 
grain, and yonder makes for mankind other machines, doing its 
work with a strength that is never overtaxed, and an endurance 
that is never found to reach a limit. Relieved from bodily toil, 
mankind is coming to that condition of social life in which mental 
activity absorbs its surplus energies, and the material and intellect- 
ual development of civilization are carried on together, and with 
continually accelerated progress. 

This is the history of the past, and this is the picture of the growth 
of science which we are to study to obtain an idea of what shall be 
its future. Whenever and wherever the mind has been set free to 
study and to meditate, to observe and to experiment, science has 
advanced, and the whole race has felt the benefits of her labors. 
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This work of science has always demanded the material assist- 
ance of acquired wealth, and has given to the investment so made 
its highest return, its best and most bountiful reward. Whenever 
and wherever, in the future, science shall have the substantial aid 
that she needs to secure permanent and convenient quarters, and 
to prosecute her work, then and there will the progress of man- 
kind be accelerated ; and this acceleration will be in proportion 
to the completeness with which the scientific method of promotion 
of science is adopted. The characteristics of stationary periods, 
according to Whewell, are "obscurity of thought, servility, an in- 
tolerant disposition, and an enthusiastic temper." Science teaches 
exactness and clearness of thought and expression, perfect inde- 
pendence of mind, the most absolute tolerance of honestly held 
and frankly-expressed opinion, and a quiet coolness of action and 
a deliberation, however enthusiastic may be the nature of the in- 
dividual, that may be depended upon to yield a correct judgment. 
The rapidity of recent changes in our methods of work is due 
very largely to the introduction and extension of these character- 
istics of the scientific method, and to the influence of the scientific 
spirit upon mankind. 

It is only in modern times, and since the old spirit of contempt 
for art, and of reverence for the non-utilitarian element in science, 
has become nearly extinguished, and since our systems of educa- 
tion have begun to include the study of physical science, that we 
have had what is properly called a division of "Applied Science." 
In the days of classical learning, science was only valued as it de- 
veloped a system of purely intellectual gymnastics ; the old Socra- 
tic spirit still survives, but is fortunately without influence upon 
our modern life. Socrates rejected and condemned all physical 
and mathematical science, and, seeking to impart his own contempt 
for real knowledge to his disciples, urged upon them the study, 
exclusively, of ethical philosophy, while, at the same time, himself 
failing to give to his followers a real system of morals. He 
accused men of science of reaching vain conclusions, while he was 
himself lost in the labyrinth of his own indefinite and baseless 
speculations. Plato followed in the same track, developing splen- 
did ideas by uniting the power of a great intellect with the bright- 
ness of primitive imagination, and awakening noble sentiments 
, while giving no assistance to his poor fellow-creatures who desired 
to conquer the necessary leisure for the enjoyment of life. Aristotle 
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in ph3'sic8, and Zeno in ethics, employed the scientific method, but 
their achievements were only appreciated in proportion to their 
inutility. Archimedes was the most perfect prototype, in those 
days, of the modem physicist and mechanician, of the scientific 
man and engineer ; yet he, and all of his contemporaries, esteemed 
his discovery of the relation between the volumes of the cylinder 
and the sphere more highly than that of the method of determining 
the specific gravity of a solid or the composition of an alloy, and 
deemed the quadrature of the parabola a greater achievement than 
the theory of the lever which might "move the world." His 
enumeration of the sands of the sea-shore was looked upon as a 
nobler accomplishment than the invention of the catapult, or of 
the pump, which, twenty-one centuries after his death, still bears 
bis name. 

No system of applied science could exist among people who 
had no conception of the true mission of science, and it was not 
until many centuries had passed that mankind reached such a po- 
sition in their slow progress toward a real civilization, that it 
became possible to effect that union of science and the arts which 
is the distinguishing characteristic of the age in which we live. 
It was not until the middle of the sixteenth century that Coperni- 
cus and the modern system of astronomy became possible ; Colum- 
bus lived but a little earlier ; Gilbert, also, a little later, supplied 
a basis for the science of magnetism ; Galileo applied his genius 
to the production of the telescope. His first use of the invention 
was to earn martyrdom by its application to the proof of the truth 
of the Copernican system, one of the most splendid of all the 
achievements of applied science. The revelation of the phases 
of Venus was one of the facts which marks the conversion of the 
world from the old Greek methods of scientific thought. It was 
not until the middle of the fifteenth century that Europe could 
produce a Leonardo da Vinci, the first of the great mechanics and 
engineers of modern times. Taking up the work of applying 
science where his predecessor, Archimedes, had left it, seventeen 
centuries before, he accomplished an amount of work in the ap- 
plication of the physical sciences and of the science of mechanics, 
that few men in later times have been able to approach, and none, 
probably, to equal. He revealed the theoiy of the lever, extending 
the work of Archimedes to the more general case ; he was acquaint- 
ed with the laws of hydraulics, understood the nature and eflfectsof 
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friction, and, to a certain extent, its laws. Stevinus followed 
da Vinci, and Galileo's treatise on mechanics, which appeared in 
1592, and his "dialogues" of 1633, crystallized the knowledge of 
his time in accessible and practically available form. Then came 
Torricelli, and, a little later, that greatest of English philosophers 
and mechanicians, Newton, whose "Principia" has been, from 
1686 to the present time, a mine which has richly repaid all the 
less illustrious workers who have chosen to explore it. This won- 
derful geometer gave all his mighty intellectual power to the work 
of usefully applying science. He enunciated the laws of motion, 
deduced the law of gravitation, proved, by the application of his 
cumbersome but fruitful methods, the exactness of Kepler's laws, 
showed their generality, and pointed out the fact that they hold 
the planets in their orbits, and sway the whole stellar world. 

The time of Newton marks the beginning of a grand outburst 
of energy in the useful application of the sciences. Every art, 
every industry, every phase of human life, felt its helping hand. 
Inventions began to appear, to relieve the delving laborer, in 
every department of human industry. The arts began to find a 
scientific basis, and to look to science for aid in their perfection 
and in their development ; the industries began to feel the stimu- 
lating effect of scientific discoveries, and of the introduction of 
scientific methods of application of practical knowledge ; Descartes, 
Newton and Leibnitz advanced mathematics to a point from which 
only a Hamilton or a Sylvester could carry it further ; Lavoisier 
and his contemporaries, only a century before our own time, 
created chemistry ; geology had its birth almost within the memory 
of our elder colleagues ; the several departments of physics have 
taken definite shape almost within our own shorter memories ; the 
natural sciences have come into being since the time of Cuvier 
and Linnaeus ; the greater science of ^^energetics" is hardly yet 
defined, and has not taken its place in the text-books taught in 
even our schools of science. We are, in fact, at the very threshold 
of the true era of applied science. 

In illustration of the gradual evolution and growth of correct 
theory, and of this slow development of rational views, of the 
methods of scientific deduction, and of the invariably tardy pro- 
gress from a beginning distinguished by defective knowledge and 
inaccurate logic, in the presence of what are later seen to be plainly 
visible facts, and of what ultimately seem obvious principles, 
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observe the rise and prc^ess of our hardly-yet completed theory 
of that greatest of human inventions — the steam-engine. 

Studying the history of the development of this theory, it can- 
not fail to become strikingly evident that, throughout, experimental 
knowledge and practical construction have been constantly in ad- 
vance of the theory, and that the science of the conversion of 
heat-energy into mechanical power has, in all stages of this pro- 
gress, come in simply to confirm general conclusions previously 
reached by deduction from experience and observation, to give 
the reasons for well*ascertained facts and phenomena, and often— 
not always promptly or exactly — to define the line of improvements, 
and the limitations of such advance. 

The theory itself began by the correlation of the facts deter- 
mined by the experiments of Rnmford and Davy, at the beginning 
of the century, those announced by Joule and Thompson many 
years later, and the laws developed by Clausius, Rankine, and 
Thompson, at the middle of the century. But Watt had discov- 
ered the facts which have since been found to set limits to the effi- 
ciency of the engine, a hundred years ago ; Smeaton, in many 
respects, the greatest mechanical engineer of his time, made 
practically useful application of the knowledge so acquired, and 
endeavored to secure immunity from these wastes by thoroughly 
philosophical methods. Clark, a generation ago, showed how the 
losses first detected by Watt set a definite limit, under the conditions 
of familiar practice, to the gain to be secured by the expansion of 
steam ; and Cotterill within a few years has shown, by beautiful 
methods of treatment, their magnitude, and how these wastes take 
place. Him and Leloutre, in France, have thrown additional light 
upon the phenomena of '^cylinder condensation," and De Fremin- 
ville has suggested the method of remedy. Yet it is only now 
that we are beginning to see that the philosophy of heat-engines 
is not simply a thermo-dynamic theory, and that it involves prob- 
lems in physics, and a study of the methods of conduction ^nd 
transfer of heat, without doing work, from point to point in the en- 
gine. We are only now learning bow to apply to knowledge gained 
by Isherwood twenty ytSLva ago, and by Hirn and by Clark still 
earlier, in solving the problem of maximum eflSciency of the steam- 
engine. We have only now discovered that the "curve of efficien- 
cy," as I have taken the liberty of calling it, is not the curve of 
mean pressure for "adiabatic" expansion, as Rankine called it— for 



Digitized by 



Google 



ADDRESS BY ROBERT H. THURSTON. 241 

*'isen tropic" expansion, as Clausius would call it — but that it is a 
carve of very diflferent form and location, and that it is variable 
with every physical condition affecting the working of the expand- 
ing fluid in the engine. We have only now learaed that every 
heat-engine has a certain ''ratio of expansion for maximum ef- 
ficiency," which marks the limit to gain in economy by expansion, 
which limit is fixed for each engine by the nature of the expansion, 
and the method and extent of wastes of heat. All the facts of this 
case were apparently as obvious, as easily detected and weighed 
in their influence upon the theory of heat-engines, years ago, as 
to-day. Even the latest phase of the current discussion of efficien- 
cies of heat-engines, that relating to their commercial efficiency, 
would seem to have been as ready for development a generation 
ago, when first noted by Rankine, as to-day ; yet, what is now 
known as a simple and easily formulated theory has been several 
decades in growing into shape, notwithstanding that all the needed 
facts were known, or readily determinable, at the very beginning 
of the period marked by its evolution. It is only within a year or 
two that it has become possible to say that the theory of the 
steam-engine, as a case in applied mechanics, has become so com- 
plete that the engineer can safely rest upon it in the preparation 
of his designs, and in his calculations of power, economy, and 
commercial efficiency. 

Even in the lowest department of applied mechanics, that which 
forms the basis of the work of the engineer — that including the 
study of the materials of construction — our knowledge, scientific 
or general, has been wonderfully slow of development. Experi- 
mental work may be said to have commenced in this field a century 
ago, and the labors of Muschenbroeck, of Tredgold, of Barlow 
and of Hodgkinson, of Fairbairn, and of their coadjutors of the 
first half of the century, gave to the constructor and to the theo- 
rist the facts which were most essential to their work. But it is 
only within the past few years that the conditions modifying the 
value of these materials, as applied in engineering, have been 
carefully and critically studied by the light of experimental in- 
vestigation. The effect of heat upon strength and elasticity ; the 
alteration of structure produced by vibration ; the difference iu 
carrying power and in safe loading, due to reversed stresses ; tlie 
modification of the value of steel by alteration of chemical com- 
position and by various modes of tempering ; the effect of that 
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singular phenomcnoB, the variation of the normal line of elastic 
limits by strain ; the persistence of the effect of strain in the 
production of colcl*worked iron and steel, and in the permanent 
record of the results of accidents straining structures, — all these 
have been matters left for the present generation to investigate. 

It is only to-day that we are beginning to ascertain the existence 
of alloys and special modifications of iron and steel which adapt 
these metals to special purposes, and the engineer is only now be- 
coming accustomed to the writing of specifications including details 
of the composition and character of the materials to be used in 
his work. The use of manganese steels and bronzes, of the phos- 
phor bronzes, and of various other deoxidized alloys, the search 
for the exact location of the alloy of maximum possible value for 
specified purposes ; the continuation of researches in regard to 
the effect of prolonged loading of materials and of structures ; 
these and similar matters are those which are receiving the atten- 
tion of the engineer of our day, and are merely the beginnings of 
a renaissance in applied mechanics which is likely to reveal wonders 
where they have been least expected and most rarely looked for. 

But the slow progress of scientific development in matters re- 
lating to common practice in the useful arts is hardly less remark- 
able than the difficulty with which scientific principles, even when 
well established and well known among scientific and educated 
men, sink down into the minds of the masses. Perhaps no prin- 
ciple in the whole range of physical science is better established 
and more generally recognized than that which asserts the 
maximum efficiency of fiuid in heat engines to be a function, simply, 
of the temperatures of reception and rejection of heat, and to be 
absolutely independent of the nature of the working fluid. This 
was shown by Carnot, sixty years ago, and has been considered 
one of the fundamental principles of thermo-dynamics from that 
time to this. Nevertheless, so rarely is it comprehended by me- 
chanics, and so difficult is it for the average mind to accept this 
truth, that the most magnificent fallacies of the time are based upon 
assumptions in direct contradiction of it. The various new 
"motors" recently brought before the public with the claim of 
more than possible perfection, have taken hundreds of thousands 
of dollars, within the past two or three years, from the pockets of 
credulous and greedy victims. It is not sufficient to declai*e the 
principle ; the comparison of steam with ether, and of air or gas 
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with carbon-disulpbide or chloroform, must be made directly, and 
the results pi*esented in exact figures, before the unfortunate in- 
vestor — ^whose rapaciousness is too often such as to cause him to 
give ear to the swindler, rather than to the well-informed and 
disinterested professional to whom he would ordinarily at once go 
for advice — can be induced to withdraw from the dangerous but 
seductive scheme. It is true that the principle does not as exactly 
apply to a comparison of efficiencies of machine, and that the ven- 
dor of new motors usually seizes upon this point as his vantage 
ground ; but a careful comparison of the several fluids, both as to 
efficiency of fluid and efficiency of machine, throughout the whole 
range of temperatures and pressures found practicable in applica- 
tion, such as has recently been made under my direction, shows 
that the final deduction is substantially the same for all the usually 
attainable conditions of practice, and, further, that of all the 
available fluids, steam is, fortunately, the best. 

It is only since our political body became a nation that the ap- 
plication of scientific methods of experiment led that great engineer, 
James Watt, to the invention of the greatest of mechanical civilizr 
ing agents, the modern steam-engine. It is within the life-span of 
many who are still living that the art of spinning, the art of weav- 
ing by machinery, the production of the cotton gin, the invention 
of the sewing machine, and a thousand other now familiar and 
essential factors of our present life, have been born of this union 
of science and art. The locomotive, the steamship, the telegraph 
the telephone, are all younger members of the same family — ^the 
mighty progeny of that mightier pair. The world has learned to 
value science for her beneficence, for her fruitfulness, for her help- 
fulness. It has learned that to a true union of science with art 
only, are we to look for the methods and the means by which man- 
kind is to be finally, if at all, emancipated from the yoke of over- 
burdening labor now so terribly oppressing the race. 

The cultivation of science, in its relations to every branch of 
the arts, and to every department of the industries of the world ; 
the collection of practically important facts, and the discovery of 
its essential laws, as forming a system of application of science, is, 
as is now sufficiently evident, the task which lies before every 
scientific worker. It is further evident that there must be inaug- 
urated a system of cultivation of science that shall promote the ad- 
vancement of scientific knowledge, and that shall aid in the 
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application of science to the daily work of humanity. We have 
seen what such a system must be, and how it must be developed 
and set in operation. In the carrying out of this system of pro- 
motion and cultivation of science, we are to see that men of sci- 
ence are given all necessary assistance in their noble task ; and 
the way in which this aid is to be obtained and made effective has 
been already discussed at sufficient length. But, when this part 
of our work has been satisfactorily organized and set in opera- 
tion, we have the no less important task left us to see that t|ie 
knowledge so acquired shall be preserved and communicated to 
the new generation. This leads us to consider our methods of ed- 
ucation. 

Glancing back into history, we find that the distinction which I 
have pointed out between the old and tlie new schools of philosophy 
and of thought has been equally marked in the methods of educa- 
tion of the older civilization and the new. Only a few decades 
have passed since the only education that could be obtained in our 
schools was one embracing merely the purely literary and the 
speculative, with a small allowance of pure mathematics. The 
languages, history, literature, the elementary mathematics, and 
the old systems of speculative philosophy, were the principal sub- 
jects taught in our colleges. Gradually, the natural and physical 
sciences came in, and were given a subordinate place in the col- 
lege course, and then only under protest. The stereotyped argu- 
ment for the retention of the old system, to the exclusion of the 
new. was, and is to-day, the assertion that the old system strength- 
ened the intellect and broadened the views of the student, while 
the new subjects were merely useful. The fact that the study of 
science is the most effective of disciplines for the reasoning facul- 
ties, for the memory, for the judgment, and for the very faculties for 
which the older instruction is claimed to do so much, is not even now 
perceived, far less admitted, by many of our most distinguished 
and ablest educators. But in spite of all difficulties arising from ig- 
norance, prejudice, habit and opposing interests, the study of 
applied sciences is becoming as well established as part of the 
modern college course, as is that of any branch of pure science ; 
and the study of pure science is very steadily becoming a more 
important part of the standard system of general education — of 
" liberar education — while, at the same time, it is gradually be- 
coming changed in its form of presentation, to adapt it more per- 
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fectly to its subsequent use in application. Speculation is every- 
ivhere losing its place, and investigation and systematic research 
are advancing to occupy the deserted ground. 

The modern method of education is' becoming thoroughly sys- 
tematic. It involves the introduction of scientific methods of 
promotion of the efficiency of instruction ; it includes the careful 
study of every detail of the educational system, and of the whole 
course of tuition, determining what methods are the most fruitful 
of useful and practically valuable results, what are the subjects, 
and what the methods of presentation, which give to the learner ' 
the largest amount of permanently retainable and widely applicable 
knowledge. Our primary education has always, and necessarily, 
been distinguished by the predominance of the scientific method 
and of the practical side. We have not been driven so impera- 
tively toward this use of scientific methods, and of application of 
the sciences bearing upon common life, in the higher education ; but 
the wisdom and the expediency of a modification of old ways, in this 
respect, is now rapidly becoming acknowledged, and the new edu- 
cation may be considered as fairly and safely introduced. We may 
call it the modern systematic method, the scientific method, of ed- 
ucation. Science will never, we may be sure, displace entirely the 
older departments of education ; but science will henceforth take a 
place beside them as no less valuable for mental discipline, and as 
the essential factor in the promotion of progress in all the arts and 
employments, in all the daily life and work of the wgrld. 

And not only may we feel assured that science will never en- 
tirely displace the older systems of education, although certain 
soon to take her rightful place beside literature and philosophy, with 
her own most efficient servant, mathematics ; but we may plainly 
see that the time is not far distant when we shall have, for those 
who propose making science their mistress, and for those who are 
to make the work of their lives the application of science to the 
arts and the humbler industries of the world, " schools of science 
in every city, colleges of science in every State," and universities 
of science, pure and applied, as the base of the great pyramidal 
educational system. And it may be anticipated that when the 
system shall have become perfected and of full growth, it will be 
the universal custom of those proposing to study in these ad- 
vanced schools, to secure, first, the general education, the broad 
culture, and the disciplinary preparatoiy training, that the aca- 
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demic schools now give, before entering upon the special branches 
of study that are to be continued through their later lives. 

Students of science will enter these professional schools from 
the colleges of the country, precisely as they now enter the medical 
schools and the schools of law, making their professional studies 
post-graduate courses. The line will thus lie through the primaiy 
schools, which are becoming each year better fitted to give the 
child the best introduction into a life either of labor or of study, 
through the higher schools, in which instruction is daily becoming 
more practically valuable, both in the imparting of knowledge 
and in mental discipline, through the college, where the discipline 
already given will make the student capable of securing good and 
permanently valuable knowledge, into the scientific school, and, 
in many cases, onward and upward into the university of sciences, 
in which all science is specialized for those who propose, as all 
scientific men must, to devote themselves wholly to Rcientific work. 

Thus, ultimately, will science lead, direct, and most efficiently 
aid, the nation in its progress toward the ideal, j^et approachable, 
social state which has been the hoped-for, if not the promised, 
land of every great political and social economist and philosopher, 
from the days when Cicero thought it his greatest honor to have 
written '^On the Commonwealth,'* up to the present time. Ac- 
cording to Cicero, the Roman Commonwealth, ^^by defending its 
allies,'' took possession of the world. Our own grander common- 
wealth, by defending and sustaining her as yet hardly recognized, 
but most powerful and most beneficent ally. Science, will, some- 
time, control, and for vastly grander purposes, a greater world. 

The place of these modern methods in our political and social 
system can now be readily determined. Had it been asserted a 
generation ago that science should control our politics and dictate 
in every movement of our social system, and that it should be the 
guiding star of every political economist and of every philosopher, 
whatever his province, the claim would have excited a smile, and 
would neither have received consideration nor provoked rejoinder. 
But we shall see that this is precisely the place which will be ulti- 
mately, and of necessity, taken by science, and that it is to.science 
that every great movement, whether political or social, industrial 
or ethical, must look for intelligent direction. 

The object of every correct system of government is to secure 
to every member of the society which it guards protection of 



Digitized by 



Google 



ADDRESS BY BOBERT H. THURSTON. 247 

life and property, liberty to earn as much wealth and to secure as 
many of the comforts and luxuries of this life as he may, and op- 
portunity to prepare the coming generation most effectively for 
successfully doing the work that lies before it. This is not the 
object accomplished by the old governments. They were estab- 
lished for the purpose of promoting the welfare of ruling individ- 
nals, or of ruling classes ; and the result of their control of society 
was, invariably, the elevation of the one class at the expense of 
the other ; the rulers flourished at the^ cost of those who were 
ruled . Modern systems of government are continually approaching 
that ideal form in which the people govern the people, and in 
which the public good and the security of the citizen is the end 
sought. But, as it is the end and aim of every good government 
to promote the welfare of the citizen by purely general legislation, 
and by the enforcement of laws enacted without reference to in- 
dividuals or classes, it becomes the duty of the citizen who appoints 
the legislator, and of the legislator who makes the laws, to seek 
the scientific, the logically and the ethically correct, method of 
promoting general welfare. It is here that science, at the very st'art, 
becomes properly our guide. The government is charged with the 
duty of guarding and promoting every legitimate industry, of giving 
every citizen the means of preparing himself to do his work in the 
world and of developing, in every proper way, the natural re- 
sources and the appropriate industries of the territory over which it 
has control. How this can best be done it is the province of science 
to point out. Men of science, each in his own department, are the 
natural advisers of the legislator. Citizens and legislators are both 
entitled to claim this aid from those who have made the sciences 
of the several arts their special study, and from those who have 
devoted their lives to the study of the sciences of government, of 
social economy, and of ethics. 

Of all the many fields in which the men of science of our day 
are working, that which most nearly concerns us, and that which 
is of most essential importance to the people of our time, is that 
department of applied science which is most closely related to the 
industries of the world. The two great needs of mankind to-day 
are, first, an education that shall enable the workers to acquire all 
the necessaries of civilized life, a fair share of the comforts, and 
even some of its luxuries ; second, such provision for the non- 
workers, deserving but invalid, willing but impotent, as shall insure 
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tbem agaiust actual suffering, and, if possible, give them some 
compensation, in the short remainder of life, for their misfortunes. 
By thus reducing the suffering existing in the world, science will 
accomplish its highest mission. Government has two main objects 
to secure ; the suppression of crime and the promotion of indus- 
tries. It is in the latter that applied science finds its plainest 
and its most obvious line of application, and in such application, 
as we shall readily perceive, the department of science which 
must find widest and most important fields of application will 
inevitably be that of '^Mechanics." 

Mechanics directs the advancement of the world in an astonish- 
ingly greater degree than does any other department of science, 
and it has, therefore, correspondingly great importance as one of 
the great agents of civilization. Every industry is largely mechani- 
cal ; nearly all of the products of the labor of the world are given 
form, to a greater or less extent, and usually principally, by me- 
chanism. It is applied mechanics that sows and reaps our grain, 
that grinds our flour, that transports it to domestic markets, that 
caiTies it across the ocean to the half-fed people of Europe ; it is 
applied mechanics that prepares our cotton for the mill, that com- 
presses the product of acres into a bale that may be handled by a 
single strong man, that spins our cotton and our wool, weaves them 
into cloth, and even cuts the cloth to pattern, and, by its most in- 
genious of minor applications, the sewing machine, gives the 
garment permanent form. Applied mechanics gives to the astron- 
omer his telescope, enables him to calculate the elements of the 
planets and the stars, teaches the mariner his system of navigation, 
gives him the ship that he thus directs, guides the engineer in his 
magnificent work of designing the machinery which impels the 
enormous structure. Even the sister sciences, physics and chem- 
istry, are departments of applied mechanics, and are coming to 
take their place in the wide spreading department of '^molecular 
mechanics," and in a still more comprehensive but younger branch 
of our science — that of ''energetics." 

Even vital forces are gradually coming to be grouped under the 
same head, and all the natural sciences are more and more generally 
recognized as properly falling into the department of energetics, 
and as illustrations of the application of the laws of mechanics. 
The Mission of Science is to be fulfilled mainly, then, through the 
application of mechanics. 
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How the application of our beautiful and noble science is to 
promote the welfare of the race by the solution of the apparently 
abstract problems which everywhere challenge the student of 
science may not always be readily perceived. The mechanics of 
the ether, the determination of the exact measurements of its elas- 
ticity and density — of which we only know to-day that the one is 
probably as enormous as the other is inconceivably small — the 
character of its vibrations, the method of distribution of its mol- 
ecules, their magnitudes and distances, and the extent of their 
movements ; the methods of conversion of mechanical energy, 
or of other forms of energy, into light and into heat ; the great 
problem of transformation of heat into mechanical energy without 
waste ; the still greater problem of the direct transmutation of the 
work of chemical combination into other forms of work and power ; 
the discovery of the nature and method of operation of those 
forces which give rise to chemical and electrical energy ; the 
method of conversion of the two forms of energy, the one into the 
other,with maximum efficiency ; all these are problems that confront 
the investigator to-day, and all have, directly or indirectly, al- 
though it may not be easily seen just how, a real bearing upon the 
prosperity of the race. Those more directly "practical" problems, 
such as the discovery of a means of making non-conducting work- 
ing cylinders for our heat engines ; the production of the electric 
arc without variation of intensity of light ; the development of me- 
chanical power with absolute steadiness and uniformity of speed ; 
the concentration of power for aeronautic applications; the ap- 
plication of the mechanic's inventive power to the cheapening of 
all the methods of production and supply of the perishable neces- 
saries of life ; all these are obviously within the province of our 
science in the prosecution of its beneficent mission. But it is not 
enough that it shall be made possible that one pair of hands shall 
do the work of two ; work must be found in new fields for the pair 
of hands thus thrown out, and this makes it the duty of sdence 
and of its workers to see that new departments of skilled employ- 
ment shall be opened to surplus labor. Thus the development of 
new industries becomes as much a part of the work of science in 
the future as is the improvement of those now existing. The new 
industries must evidently be mainly skilled industries, and must 
afford employment to the more intelligent and more finely endowed 
of those to whom our modern systepis of education ai'e offering 
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their best gifts. When this process of indnstrial revolation shall 
have been effected, the great mass of mankind will be able to 
secure by the labor of each day, restricted to such number of 
working hoars as shall best develop and maintain in healthy con- 
dition the whole muscular system, all the necessaries and comforts 
of civilized life, and will yet find time for recreation and for the 
cultivation of the moral and intellectual faculties, and for the 
development of all the mental powers and of all the affections. 

The progress of science, as seen in her past history, resembles 
that of the great steamships which are now the embodiment of the 
most wonderful of the results of human intellect, working through 
the scientific applications of mechanics, which to-day mark the 
advanced position of civilization. In the building of the steamer 
long weeks are spent in the preparation of plans, in the calculation 
of proportions, and in the determination of the form in which the 
enormous masses of iron are to be grouped ; months are spent in 
gathering tlie materials together which are to be given shape in 
the great vessel, and which are to be turned and planed and cast 
and forged into the pieces composing the mighty engines and lesser 
machinery ; during months and months the tremendous structure 
lies motionless upon the ways, slowly taking shape, slowly receiv- 
ing the massive machinery which is to form the vital apparatus 
essential to the life-like action of that powerful, and hardly less 
than living, creature. No sign of life or power is seen during this 
long period of development, and, to the nninstructed observer, 
it may appear utterly improbable that the dormant mass can ever 
be more than an inert, and useless hulk ; yet, after a time, when 
the period of preparation is completed, and when all that is need- 
ed for the purposes intended by the designer and the constructor 
has been brought together and put in place, suitably connected, 
part to part, tliere comes a time when a change and a movement 
are perceived. A few insignificant pieces of timber are knocked 
away, and the enormous vessel, slowlj^ and by imperceptible accel- 
eration, moves down toward the water, and, with continually in- 
creasing speed, finally rushes into the element which is to be, for 
all its future life, its home. A halt and a little more delay, and a 
now fully equipped and self-impelling steamship once more moves. 
Starting again, with slow and hardly visible motion, by the ex- 
ertion of her own unseen, but inconceivable power, the great ship 
gradually acquires velocity, and we see her, later, traversing the 
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ocean, back and forth, over a thousand leagues of water like an 
enormous shuttle, weaving bands that tie closer and closer hitherto 
separated members of a common race, of one human stock, and 
binding the nations daily into more perfect brotherhood. 

So it was with science in the past, and so is it in the present. 
Long ages ago, in the earliest historic period, was her time of slow 
and unobserved generation and embryonic gi'owth. All through 
the middle ages signs were not wanting of her existence and grad- 
ual development, in the changing methods of thought of mankind, 
and in the accumulation of materials to be usefully applied at a 
later date. At the beginning of the seventeenth century, the 
first great movement began, and then only did the true purpose 
of all that earlier period of preparation become evident. A cen- 
tury ago, with the birth of the steam-engine, later, with the intro- 
duction of product of the printing press into the daily life of the 
world, with the apparition of the electric telegraph and the 
introduction of the railroad, began the real progress of science, 
and we are now seeing but the beginning of her awe-inspiring 
career. She has taught us to drive ten thousand tons across the 
seas, regardless of wind and waves, by the might of our 12,000 
horse-power engines— engines in which steam does more work 
than fifty thousand actual horses could do, continuously. She has 
taught us to send printed messages across the oceans and across 
the continents, girdling the world with her mysterious wire ; she 
has shown us how to drive the railway train, with its hundreds of 
tofis of merchandise and living freight, faster than birds can fly ; 
she has helped us give to the people news of every land, gathered 
in every clime, and brought to us by messengers swifter than the 
shadows of the sun, and printed on millions of sheets between the 
first glowing of the dawn and the rising of the orb of which 
Aurora is the messenger ; she has given practical expression to a 
myriad of other hardly less magnificent philanthropies. Yet the 
mission of science has made but the veriest beginning. It still 
remains to her to perfect and to systematize a thousand new in- 
dustries, to invent as yet unimagined new arts, to bring the laborer 
worthy of his hire all that he needs, and all that he can desire for 
his own comfort and for the care and comfort of his family, to so 
adjust the power of production to that of consumption, and both 
to the working capacity of the world, that the now seeming natural 
conflict between the employer and the employee, between labor 



Digitized by 



Google 



2^2 SECnoK D. 

and capital — that fallacy which is the support of every demagogue 
— shall no longer have even the appearance of existence. She has 
still to do her part toward the reduction of all systems of govern- 
ment to the one only correct form ; that in which the people are 
governed by the people, for the best good of the people, and in 
which legislation is solely directed towards the protection of life, 
of liberty to do right, toward the protection and support of the 
industries of the country, the sustaining of a system of education 
that shall give to eveiy citizen the opportunity to fit himself with 
maximum efficiency for the duties of a well planned life, and the 
encouragement in every right and reasonable way, of all that tends 
to aid the material and the moral welfare of the community. 

She has all this and much more to do ; and her highest work 
will be found to include, I think, important modifications of the 
methods of evolution and of conformation of the race. The enor- 
mous advancement of the intellectual side of life must inevitably, 
as it seems to me, result in the production of a race of men peculiar- 
ly adapted to such environment as science is rapidlj' producing. 
Thus accomplishing, under the guidance of our science, such 
tasks as lie before him to accomplish, the "Coming Man," with his 
gi'eater frontal development, his increased mental and nerve power, 
his growing endurance and probably lengthening life, will be the 
greatest of the products of this scientific development, and the 
noblest of all these wonderful works. And may it not be possible 
in the better daj's of that future into which we may now barely 
get the faintest glimpse, when the increase of the population of 
the world shall be limited, not as now by the maximum of misery 
and suffering bearable by the race, nor yet by art, not by a Mal- 
thusian system, but by the rate of expenditure of vital power in 
the operations of the mind, of the intellect and of the affections, 
when those who are brought into the world shall have fair prospect 
of being permitted to lead happy and prosperous lives, when suf- 
fering and misery shall have been reduced to a minimum — that we 
may see man taking the place assigned him by Kuskin ? Says that 
great master of expression : "All the power of nature depends upon 
subjection to the human soul. Man is the sun of the world ; more 
than the real sun. The fire of his wonderful heart is the only light 
and heat worth gauge or measure. Where he is are the tropics ; 
where he is not, the ice-world." May not this development of the 
human soul be, after all, the true Mission of Science? 
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As a toil-worn traveller, wearily faring homeward at early dawn, 
skirts the western shore of some broad lake, picking his way by 
the uncertain, but always increasing, light penetrating the cloud 
beflecked sky, at last sees in the east the uprising sun, and watches 
its steadily growing disk, and the wide-extended sheaves and pen- 
cils of splendent golden light, silvering and gilding, and magnifi- 
cently tinting, every snowy pile of vapor, etherializing all the 
low-lying mist that hides the bosom of the lake, and sees finally, 
across the rippling waves stirred by the first gentle breezes of the 
dawn, the flashing of a broad band of glory, each wave at the 
distant shore catching up its share of the wonderful illumination, 
each its handful of the beautiful light, each passing it onward to 
the nearer swell, and each catching new beauty from the passing 
beams of the day-god, until the eyes are dazzled by the spreading 
sheen, and all the scene is surcharged with light, until the glory 
covers the weary one, lightening his heart, cheering his soul, 
quickening his step, and sending him homeward, with all his sad- 
ness gone, refreshed, hopeful, and happy, — 

So man, plodding onward, sad, overburdened, and despairing, 
toiling wearily over the shifting sands of life, at last has seen, 
across the expanse of eternity, along the shores of which he wan- 
ders, the first bright beams of the light of Science, heralded, but 
hidden, through a dawn that had lasted for centuries ; and, as the 
bright luminary that is to guide him through all the future, has 
arisen, steadily and constantly, among the obscuring, but breaking, 
clouds of the dark ages, the mists have been dispelled, the clouds 
themselves have received golden and silver linings, and the all- 
pervading beams, caught and reflected, but always advancing, 
have finally reached the hither shore, and man, enlightened and 
strengthened, with new insight into a brightening life, himself 
advances, with new courage and renewed hope, toward that future 
whic^ it is the heaven-directed Mission of Science to illumine 
with the radiance of ever-increasing knowledge. 
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The production of optical surfaces. B3' John A. Brashear, 
Pittsburg, Pa. 

It is the purpose of this paper to describe briefly a new method 
of producing accurate optical surfaces, both plane and curved. 
The hand and machine methods of past and present workers in 
this line of research should not be forgotten, especially Foucault's 
method of local correction and Dr. Draper's excellent modification 
thereof. 

In order that the new method may be the more clearly under- 
stood, attention is called to the serious diflOiculties met with in 
producing regular suif aces with the ordi oar}' forms and methods 
of using local polishers. It is quite well known that the tendency 
of all local retouching is to leave on the surface of the abraded 
material what may be aptly called residual errors. This may be 
readily understood by the following illustration. 

Suppose in the sectional view. Fig. 1, we wish to work down 
the high zone, a, in an over corrected surface. A local polisher 
is worked over the high zone, either by hand or machine, of a size 
corresponding with the breadth of the zone and usually circular 
in outline. The result of this local abrasion is seen in Fig. 2 in 
which the zone, a, Fig. 1, is seen to be broken down, but generally 
the residual zones, b and c, are left incompletely abraded by the 
edge of the local polisher, which must afterwards be abraded by 
a larger polisher, which may or may not introduce new periodic 
or systematic errors. Dr. Draper seems to have overcome this 
tendency in a great measure by the use of the machine described 
in his monograph. After many experiments and much careful 
study of these zonal errors, I endeavored to eliminate them with a 
machine constructed so as to give an intricate motion to the polisher, 
a motion that would s'carcely return into itself in many thou- 
sands of strokes. Notwithstanding the fact that this machine pro- 
duced a number of excellent curves, it could not be depended upon, 

(266) 
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for in spite of the intricate interlacing of the polisher, zonal errors 
would creep in. After six years of labor I reluctantly gave up the 
pursuit in this directipn. From the fact that occasionally good 
results were produced by the machine, I was led to a careful 
study of the forms of polishers, and after three years of experimental 
work, I have been led to this conclusion : that, given a properly 
shaped polisher, surfaces of the highest excellence may be pro- 
duced ; either by hand or machine work, and that the simple ro- 




tary and reciprocal motions are all that are necessary to be given 
to the polishing tool. 

I will now give as briefly as possible the leading features of the 
method which I have found so sure and certain in its results, by 
which not only zonal errors are overcome, but by which any de- 
sired curve may be given to the optical surface under treatment. 
As it is necessary in all optical work to get the highest attainable 
polish, the first polishers are made in the ordinary form, i. e., with 
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square or circular facets equally distributed over the surface of 
the tool, as shown in Fig. 8. This is done to expedite the pol- 
ishing. When the polish is brought qp to the best (the best polish 
is no doubt the finest scratching we are able to do) the glass is 
allowed to come to a normal temperature, and is' then studied by 
the admirable methods devised by M. Foucault for curved, and by 
Steinheil and Dr. C. S. Hastings for flat surfaces. Very seldom 
are the surfaces found free from defect. In order to clearly un- 
derstand the method which I use for the correction of errors in 
producing a regular curve, let us take the former case of Fig. 1, 
where the Foueault test shows a decided over correction or hyper- 
boloid of revolution on the concave surface. The zone a is to be 
depressed and at the same time new errors, especially zonal errors, 
are to be avoided. The iron tool, which is of the same diameter 
as the surface to be worked, is laid off into six points diametrically 
opposite with the dividers set to the radius of the tool ; as in Fig. 
3. The tool is now warmed and the pitch is spread over the leaf- 
like spaces, which are given the proper curve by being pressed 
down on the (pi^eviously wetted) concave surface. The pitch and 
tool are now cooled quickly by an abundant flow of water. In the 
shaping of this leaflet lies the whole secret of success. The zone, 
a, Fig. 1, needing the greatest amount of abrasion, the leaflet is 
. made widest at that point, but in order that no zonal errors may 
be introduced, as in Fig. 2, it is gently tapered in each direction, 
the amount of taper being somewhat governed by the amount of 
lateral stroke given to the polisher, as well as the amount of de- 
parture of the zone from the normal curve. After the proper shape 
is given to the correcting or figuring tool, the pitch is again slightl}'' 
warmed, pressed on the wetted surface, laid aside for an hour or so, 
and the work of correcting or figuring is then begun. When the 
polisher has worked long enough to transfer its own peculiarities 
to the surface under treatment, the glass is allowed to come to a 
normal temperature and again tested. If any change in the shape 
of the leaflets is needed, an inspection of the surface will indicate 
the character of the change required. 

Cooper Key many years ago graduated the square facets of his 
polisher. Elliptical, ring and other forms of polishers have been 
tried from time to time with varying success, and I have myself 
tried many forms, but with none have I had such uniform success 
as with the form which I have just described. It has all the ad- 
A. A. A. s., VOL. xxxni. 17 
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vantages of a local polisher without its defects, and as these 
leaflets can be so readily shaped, and so easily manipulated, we 
have a ready means of giving any desired form to the optical sar- 
face we are manipulating. Figs. 4, 5 and 6 show the various forms 
of these polishers which are designed to correct different forms of 
errors. Fig. 7 shows a polishing or figuring tool which will give 
fine results, when time is not an element in the work. Such a 
polisher would break down almost any form of irregular surface, 
and give a regtUar curve, the kind of curve — oblate spheroid, 
spherical, elliptical, paraboloid or hyperboloid, depending on the 
length of lateral motion given to the polisher ; indeed almost any 
idiosyncrasy which a curve may present can be successfully treated 
with a slight modification of this form of polisher. 

Flat surfaces may also be treated by modifications of the same 
general form of tool, and overworking the edge zone, so difficult 
to avoid in hand polishing, can be readily and easily overcome. 

It is beyond the limits of this paper to discuss the various diffi- 
culties which the practical optician has to deal with besides those 
noted ; but I would mention one thing that seems to be an insur- 
mountable barrier to the production of an ideal optical surface, 
in the lack of homogeneousness in materifil. It is a fact well 
known to every one who has to deal with minute measurements that 
no two pieces of glass, speculum metal or other optical material 
made by artificial means are ever absolutely homogeneous when 
they come into the hands of the optician ; hence every piece of 
material must have its special study, and in many cases idiosyn- 
crasies present themselves which say ^^Thus far shalt thou come, 
but no farther." If, in this brief paper, I have said anything that 
will add to the interest of this study, intimately associated with 
the names of Newton, Herschel, Boss, Lassell, Foucault, Nas- 
myth. Dr. Draper and many eminent opticians of to-day, I shall 
feel more than repaid for my work. 



The Giant's causeway and Portrdsh electric tramway 
(Ireland). By William A. Traill, C. E., Portrush, Co. 
Antrim, Ireland. 

[ABSTRACT.!] 

This road has a finished length of seven miles and a gauge of 
three feet. It follows the turnpike which skirts the cliffs over- 
1 Abstract made fi'om the fUU paper by J. Burkitt Webb, Secretary of the Section. 
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looking the sea, and is built upon a sort of sidewalk raised a few 
inches above the road and separated from it by a curbstone. 
Forty-two lb. Bessemev steel flanged rails are used for the most of 
the line and answer also for the return conductor, the main con- 
ductor being a 19-lb. T rail placed at the side of the road about 18 
in. above the ground. The alignment is an unfavorable one, hav- 
ing curves with a minimum radius of 42 feet and grades of 1 in 50 
and even 1 in 25, and some of the worst curves ai*e on heavy 
grades. The road rises in places to 185 feet above the sea. At 
present the cars stop at Bushmills, two miles short of the Causeway 
and six miles from the town of Fortrush. A single track is used, 
with passing places about a mile apart, and these are always on 
inclines, so that one car is run by gravity while passing the other. 
The current is taken from the three-inch-broad top of the T rail 
by springs, which rub along on it, and as there are numerous 
openings, generally 10 ft. wide, in this rail, to allow the turnpike 
travel to pass, each car has two springs far enough apart to reach 
across such openings. The cars are run by D^ or Dj Siemens mo- 
tors, running respectively, 850 and 1200 revolutions per minute, 
and these speeds are reduced by cog wheels and chain gearing 
connected with the car axles ; an average speed of about twelve 
miles an hour is attained, and a second car is generally drawn be- 
hind the electric car. The electricity is generated on the Bush 
river, three-quarters of a mile from Bushmills, and is carried the 
whole length of the line with but a slight loss. Two American 
turbines (Alcott's) of 50 H. P. each are used, one of them, with 
its gates half to three-quarters open, being sufficient for ordinary 
traffic. The dynamo used is a SDqo Siemens " compound wound" 
weighing 35 cwt., and furnishing a current up to 100 amperes with 
a maximum potential of 250 volts. This maximum potential is 
fixed by law so that no dangerous shock can be received by con- 
tact with the rails. 

The road was opened in the fall of 1883, and has been in suc- 
cessful operation since that time ; thus the Lichterfelde and the 
Charlottenburg railways, respectively one and a quarter and one 
and three-quarter miles long, constructed by Siemens Bros, in 
Berlin, antedate this railway by a year or two. In the first of 
these the two rails are used for the direct and retuni current, with 
much leakage of current ; in the second, two conductors are car- 
ried along the road on telegraph poles from which connection is 
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made to the car by a flexible running conductor. The greatest 
difl9culty experienced so far has been in the attempt to regulate 
the flow of water to the wheel by an automatic governor, the 
trouble being that the stoppage of a car throws ofi* instantly 80 to 
85 per cent of the work from the turbine, so that an immediate 
corresponding decrease of the water supply must be made ; on the 
contrary, in starting the car the water must be turned on again 
gradually. When it is added that Sir Wm. Thompson now oc- 
cupies a position in the board of managers in place of the late Sir 
William Siemens, it will be seen that the electrical arrangements 
of this road are and have been in the best of hands. The follow- 
ing details may be of interest. Two loaded cars upon the worst 
gradient require a current of 60 amperes, the maximum potential 
being 250 volts. The resistance of conductors from the genera- 
ting station to Fortrush and back is less than 2 ohms, while the 
resistance of the insulation (^' insulite ") of the conductors varies 
Arom 500 to 1000 ohms, according to the weather. The total leak- 
age along the line may be as much as 2.5 amperes, or f H. P. 

In eight months after the opening, 13000 ^* electric-car miles'' 
were run, the daily run in summer being 100 car miles with 600 to 
800 passengers. For nearly a year previous to Nov., 1883, steam 
cars were used on the line so that a reliable comparison between 
the cost of running by electricity and by steam can be made. The 
cost of running by steam, including the wages of attendants, coke, 
oil, etc., was ten cents per mile run, while with electricity this was 
reduced to less than four, and with such additional traflic as 
could easily be accommodated with the existing plant it would not 
be over two and one-half cents. Expeiience also warrants the 
prediction thaf on a more favorably circumstanced tramway, with 
a service of single cars, running at short intervals, the working 
expenses might be reduced to ^ d (one cent) per mile run, and 
that even though the electricity should have to be generated by 
steam power." It would seem from an inspection of the detailed 
expenses of running, that, owing to the higher wages paid here, 
the comparison, while leaving a large margin in favor of electric- 
ity, would not be so overwhelmingly against steam except in local- 
ities where abundant water power is available. 

The cost of the line has been $150,000, as follows : " parlia** 
mentary law, engineering and preliminary, $15,000 ; construction 
of six miles of tramway, one mile of branch and sidings, buildings, 
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carriage and engine sheds, $80,000 ; water-power generating sta- 
tion turbines, electric conductors and cables, $22,500 ; electric 
plant, generating dynamos and motors, $10,000 ; rolling stock; 
two tramway engines, nine tramway cars, fourteen wagons and 
mineral trucks, $22,500." The road is understood now to be not 
only in successful and continuous working, but in a paying con- 
dition, which recommends it to the carefbl study of those inter- 
ested in such matters in the United States. 



Electric tramways. By M. Holroyd Smith, Fern Hill, Hali- 
fax, England.^ 

[ABSTRACT.] 

To demonstrate the practicability of Mr. Smith's system of 
electric tramways an experimental line has been laid in a field 
near the works of Messrs. Smith, Baker & Co., Manchester, Eng- 
land. The track is 110 yards long and A! %^'* gauge ; it is essen- 
tially level and the car is driven by the traction of the ordinary 
wheels, but it contains some sharp curves. On the latter account 
one wheel on each axle is loose and the power is distributed be- 
tween the two wheels on the axle by differential bevel gears, so 
that both wheels drive equally well on curves and straight line. 
The movable bevel gear in this arrangement is driven by a steel 
chain from a Siemens motor and the current is brought up from an 
underground conduit, which forms the main feature of the line. 
This conduit is constructed in much the same manner as a cable 
line, with a copper conductor in place of the cable. This copper 
conductor is double and consists of two half tubes, — as if a tube 
had been cut in two lengthwise and vertically and the two halves 
separated somewhat from each other. In this tube, then, a shoe 
slides, being connected both electrically and by leather straps with 
the car, the leather straps breaking should the shoe be accidentally 
obstructed, as by pebbles jammed in the groove. The rubbing part 
of the shoe, or shuttle, consists of spirally-grooved rollers, whose 
axis is that of the tube, and whose slow revolution, caused by 
friction, keeps the tube cleaned out perfectly. The rails answer 

^ Mr. Smith not being present the paper was read by Mr. Preece. Abstract by the 
Secretary. 
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for the retain oarrent. This method of supplying the electrical 
carrent to the ears is so successfhl, and the conductor is so well 
protected in the nndergi'ound channel, that after a week's rain the 
leakage, if any, was so small that the improved contact of the 
moist shoe prevented any difference from showing in the speed of 
the cars. 

(It would seem that this system would be specially fitted to re- 
place the cable system so soon as a sufficient economy of power 
can be shown in its favor.) 



Are the advantages of a trip gear worth its greater cost 
THAN ExoENTRios? By ARTHUR EiGG, President of the 
Society of Engineers, London, England. 

[ABSTSACT.] 

This paper discusses the construction of *^ trip-gear ** regulated 
engines, as compared with the action of double excentrics. Its 
conclusions are based upon the idea that the use of such gear 
limits the revolutions of an engine to a rate considerably below 
that of any other parts of its construction. Thei-efoi'e the first 
cost of such engines is rendered excessive. It is then pointed out 
that two excentrics can cut off steam through any desired range 
with a speed sufficiently great for all practical purposes, and the 
author concludes that any arrangement of valves now worked by 
trip-gear could be equally well driven by double excentrics with 
the advantage that the number of revolutions and power of such 
engines might be considerably increased* 



The STRENGTH OF CAST IRON. By W. J. Millar, C. E., Secre- 
tary Institute of Engineers and Shipbuilders, Glasgow, 
Scotland. 

[ABSTRACT.] 

(1) Object of paper: — Results of tests of strength of cast iron 
(made in Glasgow) . 
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(2) Eeferences to former experiments by the author. These 
sammarized are : — 

(3) The test bars used were 40" long, 2" deep and 1" broad. 
Span B^^'^ loaded at centre. 

(a) Deflection varied fairly with load. 

(6) The "set" dea^eased with successive applications of the 
same load and even for increased loads ; — ultimately disappearing. 

(c) The fracture when at centre of span was straight; when at 
points more or less removed from centre it was curved. 

(4) Hecent Experiments. Influence of vibratory action on bars 
and tensile links, from which the author finds that bars and links 
may be broken by striking with light and continuous blows, even 
although the load at the time may be considerably below the ulti- 
mate load, the deflection and extension increasing with. each blow. 

(5) The average transverse strength of 30 bars was found to 
be 3476 lbs., deflection .390 inch. The tensile strength of 15 links 
of same metal was found to be 11 tons, 11 cwt. 

(6) Equations derived are as follows: T=^^XW = 
2xTXbd« ^jjgj.g rp __ tenacity in tons sq. in. ; W := ultimate load 
in cwt. at centre of bar ; S = span in feet, b and d being breadth 
and depth in inches. 

(7) Bars and links cut out of casting give much lower results 
than bars and links cast separately, say 30 per cent less. 



A MODE OF HEATING FROM A OENTBAL SOURCE. By Sir FRED- 
ERICK Bramwell, F.RS., v. F. Inst. C. E. 

[ABSTBAOT.] 

A DESCRIPTION of the method of warming employed in the 
Third Middlesex County Lunatic Asylum, Banstead, England, 
where the circulation of warm water is produced by centrifugal 
pumps which maintain parallel mains in a relatively plus and 
minus condition. 
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Flood regulator. By James Dillon, C. E., Glengeary, Co. 
Dublin, Ireland. 

[ABSTRACT.] 

This flood regulator is used for two purposes : to reduce the 
cost of river excavations or conservance works by reducing the 
volume of flood sent down a river in a given time, and for pre- 
serving for dry seasons some of the waters now allowed to pass to 
the sea in wet seasons unused. 

The author has effected this in places where large natural lakes 
are found to exist at the head of a river system proposed to be im- 
proved, by increasing the natural range of the lakes one, two or more 
times more than their ancient range between high and low water by 
deepening the river channels into them ; of course this operation 
would in itself increase instead of diminish the flood discharge. 

To prevent this increase, he constructs large self-acting sluices 
on down-stream side of lake, kept open in dry seasons, having 
their sills to correspond with the new low water level of the lakes. 
On the floods entering the lakes they escape through these sluices, 
and by the time the maximum discharge is reached the sluices are 
closed, gradually, by the action of iron floats rising with the 
flood surface of the lake ; then by the time the sluices are com- 
pletely closed the maximum calculated flood discharge is found to 
be passing through the permanent boat or ship-pass at all times 
kept open at one side of the weir for the preservation of water- 
supply to lower countries, for navigation, fishing and other rights. 

This maximum flood discharge, however, cannot be reached 
through this ship-pass until the lake is made to withdraw from the 
ancient maximum floods the increased flood volume required for 
dry seasons, and by operating on the regulating screws attached 
to the sluices, ordinary floods can be reduced or increased with the 
greatest nicety, etc. 



Automatic sounder. By James Dillon, C. E., Stratford House, 
Glengeary, Co. Dublin, Ireland. 

[ABSTRACT.] 

This instrument has been successfully used for some time by 
the author for preparing soundings of lakes, harbors, estuaries, 
rivers, for chart and sections, etc. 
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The instrument consists of wire, bars, or tubes of metal or 
other substances, of suitable lengths, made to hang freely and 
vertically from the center of a dial (on which are marked feet or 
fathoms) fixed to side of a boat, steamer or other vessel. 

On moving the boat, etc., over a shoal or other obstruction 
under the water, this bar which hangs vertically and points to its 
maximum length on the dial will strike the shoal at its maximum 
length of ten, or fifty or more feet, and will be raised ten or more 
feet toward the surface of the water pointing to this same number 
of feet or fathoms on the dial and should the shoal reach top of 
water so will the sounding bar, while the dial end of this bar 
points to zero on the dial. 

The vibrations of the bar differ in degree when passing over 
mud, gravel, rock, etc., thus recording the same. 



Experiments on beltino. By Prof. Gaetano Lanza, Mass. 
Institute of Technology, Boston, Mass. 

[ABSTBACT.] 

It has been customary to determine the coefficient of friction 
for belting by hanging a piece of the belt to be tested over a fixed 
pulley and suspending various weights, Ti and Tj, from its extrem- 
ities, the weight Ti being in each case just enough greater than T3 
to cause the belt to slip on the pulley. From these values of Ti 
and T2 the coefficient of friction may be calculated by the formula 
(adapted from Bankings Applied Mechanics, page 351) 



._ hyp, log. Ti — hyp, log. Tg 



If we compare the results thus obtained by General Morin, 
Henry R. Towne, Edward Sawyer and others we shall find that 
they differ widely from each other. 

General Morin's results are : — 

New belting on smooth cast iron, dry, .284 ; wet, 877. Belting 
on rough cast iron, new, 281 ; old, 279. Mr. Towne gives an av- 
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erage result of .085, with advice to ase, .42. Mr. Sawyer gives 
average results of f^om .12 to .17. 

Recent experiments by Professor S. W. Holman at this Insti- 
tute showed that such discrepancies may be attributed to the dif- 
ferent conditions under which the experiments are made, the speed 
of slip of the belt having the greatest influence upon the result. 
Mr. Towne's value may be obtained if the speed of slip be made 
as high as 200 feet per minute, but the coefl9cient becomes rapidly 
smaller as the speed is decreased. 

In view of these facts we have undertaken some experiments in 
the mechanical laboratory under my charge at the Massachusetts 
Institute of Technology partly as regular work for the students and 
specially by Mr. A. J.Purinton for a graduating thesis. In order 
to work under practical conditions, such as regularity of speed, etc., 
steam power is used, and the points to be determined are : (1) the 
effect of different kinds of belts and pulleys ; (2) the actual speeds 
with which a belt slides on a pulley and the friction for less speeds 
of slip ; (3) whether the formula is a correct one. 

The following are the results for different kinds of belts and 
pulleys, the number of experiments in each case varying from 2 to 
21 and the speed of slip being 1.91 feet per minute except in the 
two cases mentioned. ^^Hair" or ^^flesh" side next the pulley. / 
= coefficient of friction. 

(a) Oak-tanned leather on polished cast iron pulley. 

New belt, hair,/= .144 ; after some u8e,/= .156. 

New belt, flesh,/ =.171 ; after some use and with a speed of 
sli|)of 1.75,/z=.179. 

(&) Raw-hide belt on polished cast iron pulley. 

Hair,/= .251 ; after 36 hours slipping, /= .226. 

Flesh, /= .265. 

(c) Oak-tanned belt on leather-lagged pulley. 

New belt, hair,/= .274, after some use/=: .260, and .265. 
New belt, fle8h,/z= .272 after some use/= .256. 

(d) Raw-hide belt on leather-lagged pulley. 

New belt, hair, /= 1.01 for first two observations, after an 
hour's use, .857. 

New belt, flesh, /= 5.47. 

(e) New rubber belt on polished cast iron (speed of slip 1.72) 
/= .386. 

(/) New rubber belt on leather-lagged pulley, /= .261. 
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The following experiments were made by Mr. Purinton to de- 
termine the actual speed of slip of a 10 in. double belt, which 
transmits power (advantageously up to about 16 H.P.) from the 
fly-wheel of a Harris-Corliss engine. 



BPBEDS IN FEBT FBR MnOTTB, 
FLY WHBBLBIM. SLIP. 


PER CENT OF 
SUP 


DfDIOATBD. 
H. P. 


WEATHER. 


1467 


13.80 


0.94 


12.77 




1494 


13.10 


0.88 


16.68 


Relative hamidity, .46. 


1479 


84.98 


2.87 


20.27 


Cloudy and damp. 


1603 


28.03 


1.66 


20.07 


Bright and snnny. 



From these experiments it would seem that Mr. Towne's coeffi- 
cient is too large, and although we have not experimented with 
speeds between 1 3 and 30 ft. (our speed being nearer 2 ft. per. m.) 
the coefficients determined must be nearer the truth than those ob- 
tained with 200 ft. of slip per minute. 

The experiments will be continued and we hope eventually to be 
able to formulate : I. The maximum power, which a given belt 
running at any given speed will caiT}'. II. The amount of slip of 
the belt when running at a given speed and transmitting a certain 
amount of power. 



Steam engine tests. By Pi*of. C. H. Feabodt, Boston, Mass. 

[ABSTBACT.J 

In the winter of 1883-4 a number of experiments were made by 
the fourth year class in the mechanical laboratory of the Massa- 
chusetts Institute of Technology, the results of which are here 
given. They were made mostly on an 8" X 24" Harris-Corliss 
engine running with a normal speed of 60 revolutions per minute, 
the power being absorbed by a friction brake, and the steam being 
condensed in a surface condenser at atmospheric pressure and af- 
terwards weighed. A fairly uniform back pressure was produced, 
when required, by throttling at a distance from the engine. The 
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tests lasted usually about 100 minutes, with indicator cards from 
both ends of the cylinder, and readings of the number of revolu- 
tions, boiler pressure, and weight of condensed water every 5 m. 



No. of experiment.. . . 
BeTolationi per mln 

Boiler pressure 

Horse power 

CatK>ff In per ot stroke 
Pds. water per horse 
power per hour... 
Per o't steam at C. O. 
Per ct steam at release 
Per e't reSvaporatlon 

Back pressure 

Initial oyl. pressure... 



1 

68.8 

71.1 

9.44 

1.0 

119.9 
16.7 
66.9 
60.9 



9 

66.0 
71.9 
8.17 
10.1 

61.8 
89.6 
68.6 
81.1 



8 

67.1 

78.6 

8.60 

9.6 

46.7 
86.S 
66.8 



4 

68.8 
70.6 
18.27 
28.7 

41.9 
47.7 
66.9 



20.8 17.6 



6 
68.6 
66.8 
1.78 

1.5 

149.8 
17.0 
67.7 
60.7 



6 
62.9 
64.7 
10.89 
87.0 

60.0 

60.6 

67.6 

7.0 



7 
03.9 
72.2 
8.87 
86.2 

63.8 
68.9 
80.1 
16.2 
22.2 



8 
62.4 
74.2 
12.06 
41.5 

63.6 
66.2 
78.9 
12.7 
16.8 



9 
68.8 
78.1 
6.02 
18.2 

57.0 
40.2 
70.8 
80.6 

60.4 



10 
65.1 

76.8 
16.87 
40.4 

80.0 

59.8 

68.4 

8.6 

64.9 



11 

34.0 
73.0 
4.45 

8.0 

63.1 
I 

55.0 
31.9 



In experiments 1 to 4 the cut*off was varied ; 5 and 6 show a 
lower boiler pressure ; 7 and 8 a large back pressure ; 9 and 10 
were made with a throttling governor; and 11 was made at about 
half normal speed. The horse power and point of cut-off were ob- 
tained from the indicator cards. The percentages of steam at cut- 
off and release were obtained by calculating, from the cards, the 
weights of steam in the cylinder at those points, and dividing it 
by the weighed amount of water used per stroke plus the weight, 
obtained from the cards, of steam in the cylinder during compres- 
sion. The difference of these two percentages is the per cent of 
vaporation. 

The most noticeable feature of the tests is the large quantity of 
water per H.F. per hour, and the excessive reevaporation due to 
short cut-off. Various other points will appear upon a careful 
comparison of the data. 

Three tests were made with a Porter- Allen engine, but the data 
obtained indicate nothing worthy of remark. 
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Economy of the electric light. By Allan Stirling, N. Y, 

City. 

The combustion of carbon is the source of the light with both 
gas and electrical lighting, but a marked difference occurs from 
.the fact that in the former case the carbon must be carried to the 
point where the light is needed, while in the latter it is burned 
under a steam boiler at any suitable place, and only the resulting 
energy in shape of electricity, need be carried to the lamp. 

To compare the two systems assume ten blocks of houses 
requiring in all 12,000 seventeen candle power lights; suppose 
that in summer oue-third of these will be used three hours per 
night, and in winter two-thirds for four hours. The cost of gas 
in N. Y. city for these lights will be at the rate of five feet per 
burner and $2.25 per thousand feet — $24,600 for the summer half, 
and $65,700 for the winter half of the year ; total $90,300. 

The items of the cost of electric lighting are ; coal and water 
for boilers, attendance, lamps, miscellaneous supplies, repairs and 
depreciation, interest. At the rate of one horse-power for every 
eight lights, and three pounds of coal hourly per horse-power, with 
coal delivered at $5 per long ton, the yearly coal bill will be $6750. 
For water $457 will be needed, supposing 27 lbs. needed per 
horse-power, at 13^ cents per 1000 gallons. With lamps costing 
90 cents each and lasting 600 hours the cost of renewals would 
be $12,000. For miscellaneous supplies $750 may be allowed. By 
properly directing and economizing the labor of the attendants 
the work may be done by one engineer and one or two firemen, so 
that, at $4 and $2.50 respectively, we shall need $2800 for at- 
tendance. 

The plant will cost say $15,000 for ground and buildings, 
$50,000 for engines and boilers and $40,000 for dynamos, and the 
cost of wiring and fixtures may be omitted to balance the cost of 
pipes and fixtures for gas. For repairs and depreciation on this 
plant we will allow $10,500, with a like amount for interest. The 
total yearly amount will therefore be $43,800, giving a difference 
in favor of electricit}^ of $46,500, and showing that the latter can 
be furnished at less than half the present price of gas or as cheap 
as it would be at $1.12 per thousand ; or, supposing we divide the 
saving between the electric light company and its customers and 
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put the price equal to gas at 81 .69 the company would earn 20 
per cent, additional, making its profit in all 80 per cent. 

A further and most important saving can be made'^ by heating 
the buildings by means of the exhaust steam from the engines, 
so that in winter but a part of the whole expense could be charge- 
able to the electric lighting, $8000 to 89000 might thus be saved, 
bringing down the cost to that of gas at 81.48 while affording 
seven per cent additional profit. The largest item of cost is lamp* 
renewals and we may be reasonably confident that the average life 
of lamps will be greatly increased and that their cost will be 
much reduced. There seems to be therefore no reason why the 
electric light for domestic purposes should not at once be a paying 
investment, as it is known to be in numerous cases where isolated 
plants have been introduced in manufactories, and other places of 
business. 



Training for mechanical engineers^ By Prof. Geo. I. Alden, 
Worcester Free Institute, Worcester, Mass. 

[ABSTRACT^.] 

Progress in education is secured by the aid of forces outside 
and above the schools. When a few have made discoveries in 
science or advancement in art or in engineering they have set a 
standard which must thereafter be the aim of educators. Mechani- 
cal engineering as taught in schools is subject to the general law 
of progress. While it is taking a high rank as a liberal profession 
and offers a broad field for the activity of the best powers of young 
men who enter it, yet it must look for progress to two main forces, 

^ThU paper was presented in response to the annonncement of the Secretary, that 
one or more sessions would be devoted to the discussion of the *^Best methods of teach- 
ing mechanical engineering." Owing to a variety of nntoward circnmstances, other 
expected papers did not come to hand in time, but an exceedingly lively and interesting 
discussion was aroused. This was participated in by a number of prominent mechani- 
cal engineers and teachers and other scientists, and it was unanimously decided that 
the discussion must be continued. The following gentlemen were accordingly ap- 
pointed a committee to secure the active coiiperation of leading men in a Ailler pre- 
sentation and discussion of the subject at the next meeting: J. Burkilt Webb of 
Cornell University, Ithaca, N. Y., Geo. I. Alden of Worcester Free Institute, Dr. G. M* 
Woodward of Washington University and A. Beardsley of Swarthmore College. 

s Printed in AiU in the American Engineer, Oct. 3 and 10, 1881. 
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viz., the influence of the scientific attainments and practical achieve- 
ments of those foremost in engineering science and practice. A 
school for training mechanical engineers is properly a professional 
school, and should hold up its standard of professional training, 
in order that it may demand in candidates suitable preparatory, 
general training for matriculation. It should aim to fit young 
men for immediate useflilness in the profession, and to lay the 
Bare foundations for a growth which shall enable them to take up 
the unfinished work of the engineers of {his generation and cany 
it forward into the next century of progress. To aim at practical 
achievements is not enough ; for the man is more than his profession. 
Scientific attainments are not alone sufi3cient. The ability to ap« 
ply knowledge to practical ends is valuable in discipline as well 
as necessary to professional success. The necessary scientific 
attainments are more than mere knowledge of facts and principles. 
The evidence of such attainments is the ability — within a sufficient- 
ly wide range of inquiry — to give accurate answers to definite 
questions. To secure this ability the usual studies in the curricu- 
lum of the schools should be thoroughly taught by direct methods, 
with the aid of numerous and well selected problems, and labora- 
tory work. The problems should be, as far as possible, actual 
engineering problems that the student may secure that complete 
assimilation and personal appropriation of the subjects taught 
throughout the course, which characterize the scientific attainments 
toward which the school should aim. 

The practical achievements of the engineer are closely related 
to machine-shop methods and practice. All his designs must be 
sent to the shop in a form consistent with such practice. To secure 
knowledge of machine-shop methods, limitations and possibilities, 
most schools have a practical or shop department in their engineer- 
ing course. It is important that the successful engineers of the 
country should say what such a shop should be and what it 
should accomplish. The shop is made a department in the course 
in order to add to the school methods as well as to its facilities for 
instruction. It should not, therefore, be such an institution as 
would be developed by, or out of, the school. It should bring 
to the school its own methods and standards. It should be superi- 
or in all its appointments for practical, constructive and engineer- 
ing work. It should have not only the tools, methods and facilities 
but also the business of a leading productive shop. It will then 
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be able to adopt, in a fbll measare the modern methods of instrnction 
aimed at in other departments. Its work will be in accordance 
with the economical principle of teaching analysis and synthesis 
in close connection. Work on real valuable products has elements 
of training which are lacking in work on simple isolated pieces. 
It caltivates practical Judgment, gives valuable experience and 
available skill. The connection of the shop with the school is 
an advantage to the shop, and a stimulus to breadth and thorough- 
ness in other departments. It promotes symmetry and harmony 
in the whole training without detriment to any of its qaalities 
and economizes by variety of occupation the time spent in the 
school. About ten hours per week, spent in such a shop, will, in 
four years, give the student as much skill (and more general ability) 
in the shop, as a three years ordinary apprenticeship. This opens 
to every graduate a wide door to the engineering profession, giving 
at once opportunity for talent and independent self-support. Such 
practical attainments are secured by the construction in the shop 
of products for the open market. Only in this way will it be 
practicable to keep up the standard of workmanship and design 
and the practical methods of engineering practice. From fifty to 
one hundred thousand dollars for shop and equipment would give 
provision for instruction of 100 students, and from three to ten 
thousand dollars would be required for annual running expenses. 
Experience indicates that money expended, in founding and foster- 
ing such a shop department as above outlined, will yield a large 
return both to the individual students and to the profession. 



Topography of kaohines. By Oberlin SMrrn, M.E., Bridgeton, 
N.J. 

[ABSTRACT.] 

There is a serious lack of system in our machine-building prac- 
tice regarding verbal descriptions of positions and motions. This 
causes ambiguity in both written and oral explanations ; which ai'e 
necessary, in new machines, in addition to drawings. 

An instance of this is where some member of a machine has a so- 
called /ront of its own, facing in a different direction from the main 
front of the machine. 



Digitized by 



Google 



MECHANICAL SCIENCE. 273 

The reriaedy is to always assume one side as a front and let the 
fronts of all pieces, when in position shown on drawings, face in 
the same direction. Let left and riglU be rated by the hands of 
the operator as he stands in front of stationary machines facing 
them ; and as he stands upon moving machines, such as boats, ve- 
hicles, etc., facing forward. This will give a relatively different 
position of sides in the two classes but it will make no difference 
if all views on drawings are plainly marked "front," " top," etc. 

Let all directions be defined, in the whole machine or a sepa- 
rate piece, as either "forward," "back," "right," "left," "up," 
*'down ;" and all sides as "front," "back," "right," "left," "top," 
"bottom." Let all positions referred to some other point be "front 
of," "back of," "right of," "left of," "above," "below." Let all 
measurements be in rectangular directions if linear. If angular 
let them count from some rectangular line. 

By using these rules a designer can finish -designs of intricate 
machines through his assistants, communicating by mail and even 
telephone. 

The writer is working out a system, as yet in a crude state, for 
carrying the above principles toward an ideal condition where a 
machine could be wholly described by iBgures and letters, without 
any drawings at all. Practically it would supplement, simplify 
and elucidate a set of drawings rather than wholly supplant them. 
The general idea embodied is to locate any desired point in a 
machine, or other object, by a perpendicular measurement from 
each of three " reference planes," all at right angles to each other 
and (usually) forming three adjacent sides of a cube exterior to 
the machine, each measurement being recorded upon the drawing 
prefixed by a letter U, R, or F, representing up, right or forward, 
respectively. This system has already been partially applied to 
taking measurements of old machines, to get data for making draw- 
ings, and has proved much superior to the random method usually 
practised of measuring from anywhere to somewhere. 

In plotting down such a survey as has just been referred to, it 
will be found of great benefit to use cross-ruled drawing paper, 
preferably graduated to inches, and their halves, quarters and 
eighths, the inch lines being the heaviest. These lines should be 
numbered from one edge of the paper each way, and their use is 
just as important as are the lines of latitude and longitude in 
copying a map drawing. 

A. A. A. S., VOL. XXXIII. IS 
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The writer herein claims no new principles, but merely the ap- 
plications of some very old ones, and as yet in a somewhat im- 
perfect way, to the ordinary operations of machine shop practice. 
Such a reform as is here foreshadowed is most urgently needed as 
one of the means of systematizing the work of the mechanical en- 
gineer. It is, in fact, only the common sense use of methods 
which have long been employed by the geographer, the topograph- 
ical-engineer, and even by the landscape-gardener and the railway 
contractor. 



Driven wells.' By J. C. Hoadlet, M. E., Boston, Mass. 

[ABSTRACT.] 

The investigations of Darcy,Dupuit and Lueger, and the exper- 
imental determinations of Piefke and others, relating to the flow 
of water in porous earth, are recognized. Some unfounded as- 
sumptions, and fallacious theories and unsound explanations 
of these, by courts and experts, are pointed out. Description of 
the method of conducting experiments which should place in a 
clear and convincing light the truths of nature, relating to the flow 
of water from the natural height of the surrounding ground 
water, down an obstructed hydraulic slope, by gravity alone, to the 
depressed surface of the water immediately around the suction pipe 
of a pump and in wetting contact therewith, whether such suction 
pipe be driven or otherwise inserted in the ground, or put into the 
open water of an ordinary well : — 

Firsts by pumping from actual tubular wells inserted in natural 
water-bearing soil, and marking the effect both as to the quantity 
of water obtained and slope of water-surface produced, in compar- 
ison with corresponding results by similar pumping from a small 
open well ; and, second^ by laboratory experiments with pumps, 
working under various conditions in artificial filtering tanks, sup- 
plied with appropriate measuring, indicating and recording appa- 
ratus. 

1 This paper is printed in fuU, with iUustrations, in the Sanitary Engineer for De* 
cember 4, 11, 18, 26, 1884. 
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Special points of investigation were : 

1. As to the alleged difference between open wells and driven 
wells in point of efficiency in obtaining water from the ground. 

2. As to the alleged difference in the same respect between 
pipes driven tightly into the ground "without the removal of- any 
earth upward," and similar pipes under like conditions inserted 
loosely in holes bored for them. 

3. As to the alleged newly discovered " principle," or " power 
of nature," according to which, it is alleged, a pump producing a 
partial vacuum in a suction-pipe, may, provided the suction-pipe 
be " driven tightly into the ground," cause water not in contact 
with the exterior surface of the suction-pipe, to flow towards the 
pipe, and up to wetting contact therewith, otherwise than by the 
force of gravitation causing it to percolate through the pores and 
interstices of the soil with a rapidity proportioned directly to the 
slope, t. 6., to the difference of level produced by pumping, in a 
given horizontal distance, and inversely, to the obstruction of the 
soil. 

4. To ascertain as far as possible, by direct experiment, the 
form of the curves of such obstructed hydraulic slope. 

The true theory of (he flow of underground water as set forth 
by the physicists first above named, fully sustained by the results 
of the experiments, and the pretentious fallacies above referred to 
completely refuted. 



On a new method of producing screws of standard length 
AND UNIFORM PITCH. By Prof. Wm. A. RoGERS, Harvard 
College Observatory, Cambridge, Mass. 
[abstract.] 

Description of the process by which a half-meter screw of the 
dividing engine constructed for Prof. W. A. Anthony was made, 
together with a discussion of methods by which further im* 
provements may be made. 
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Development op the philosophy of heat engines. By Prof. R. 
H. Thurston, Stevens Institute, Hoboken, N. J. 

[ABSTRACT.] 

This paper presented an historical sketch of the development 
of the modern, and the now accepted theor}*, of heat engines, 
including the study of wastes. This paper was read at Montreal 
before the B. A. A. S., by request, and was offered in Section D, 
of the A. A. A. S. by request of members of the Section. 



Three problems in river physios. By Prof. J. B. Johnson, 
Washington University, St. Louis, Mo. 

In the past five or six years, there has been a great deal of 
money spent upon, and study given to, many questions of a sci- 
entific nature pertaining to the improvement of our western 
rivers. Your attention is called to some conclusions that may be 
drawn from recent investigations on the three following problems : 

I. The Transportation of Sediment and the Formation and 
Eemoval of Sand-bars. 

II. The Flow of Water in Natural Channels. 

III. The Relation of Levees to Great Floods, and to the Low 
Water Navigation of Rivers. 

I. The Transportation of Sediment and the Formation and Re- 
moval of Sandrbars. 

The solid matter carried by streams of variable discharge and 
cross-section, flowing over sandy beds, is at once the cause of, and 
remedy for, most of the obstructions to the navigation of such 
streams. A proper understanding of this subject is a prime req- 
uisite to an adequate conception of the conditions governing the 
flow of water in natural channels, the improvement of low water 
navigation, flood confinement, etc. 

In all natural water courses, the material carried by the stream 
may be graded according to the method of its transportation^ as. 

First y That carried in continuous suspension. 

Second, That carried in discontinuous suspension. 

Third, That carried by rolling on the bottom. 



Digitized by 



Google 



MECHANICAL SCIENCE. 277 

Sediment in Continuous Suspension, This is composed of such 
jBnely divided particles of clay and mud that any slight disturbance 
of the water in a vertical direction is sufficient to prevent its dep- 
osition, and so it mostly remains in suspension until it reaches the 
sea. A large part of the sediment carried by the Mississippi River 
is of this class. It mostly comes from the western tributaries, 
more especially from the Missouri. If a quart of this water be 
placed in a glass jar, and set away, it requires some ten days for 
the water to become clear. Evidently, this kind of sediment does 
not form sand bars, neither can the engineer avail himself of it in 
building artificial banks in contraction works. It is therefore of 
no consequence to the river engineer. It is neither helpful nor 
harmful, and may be ignored. 

Sediment in Discontinuous Suspension. This kind of sediment 
is composed of sand, more or less fine according to the velocity of 
the stream. It is the material of which sand bars are made, and 
it is also the material out of which the engineer builds his artificial 
embankments by the square mile behind his permeable dykes. It 
is constantly being picked up at one point and put down in another 
by the action of a law as unchangeable as the law of gravity. In 
the river's tireless eflforts to attain a uniform flow it is constantly 
scouring out the engorged sections, and filling in the enlarged sec- 
tions. For any given stage of water, the volume discharged at 
successive sections is the same^ but since the sections do not have 
equivalent areas, the mean velocity at successive points is a con- 
stantly varying quantity. The river undertakes to overcome this 
inequality and so engages in an enormous carrying trade, which 
consists in cutting out the bottom where the section is less and the 
velocity more, and carrying this sand to the first point below where 
the section is more and the velocity less, and there it is deposited. 
Evidently, if any given stage of water should continue long enough, 
this double action of scouring the small sections and filling the 
large ones would result in a nearly uniform flow, when such small 
particles as could be carried by the resulting velocity would be so 
carried in permanent suspension, leaving a bed of tolerably per- 
manent character, being only influenced by the matter rolling on 
the bottom. But here comes the trouble. No sooner has the 
river set to work to adjust itself to any given stage, than behold, 
the stage changes, and then it must go to work, cutting and filling 
at new points, and as the stage is ever changing, the river is ever 
beginning anew in its endless task. 
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It may not be clear why this change in stage should so disar- 
range matters. Let us see. The cause is the great variation in 
width. Take an actual case. At Plumb Point, on the Missis- 
sippi River, sixty miles above Memphis, the following extremes 
were found in 1879 on a reach eight miles in length.^ 




XABROW 
SECTION. 



Surface width, in feet. } ^^^ ^'f?"^- 

I High water. 



[Low 

HlKh water. 
Low " 



Mean depth " *' 

Area of section in sq. ft., 

Mean Telocity in ft. per sec. | f^^ water. 

raU per mUe In feet, j ^^^ ^".{*'- 



1680 
1875 



60.7 
23.9 



04500 



10.1 
1.15 

1.75 I » 
0.07) 



Thus, at low water, the wide section had a mean velocity of 2.65 
feet per second, while the narrow section had a mean velocity of 
only 1.15 feet per second. At a stage 26.6 feet above low water 
(which in the table here given is called *' high water," although it 
is some eight feet below extreme high water) the conditions are 
reversed, for now the wide section has a mean velocity of 3.67 feet 
per second, while the narrow section has a mean velocity of 10.1 
feet per second. Here the wide section was some eight miles 
above the narrow one. Evidently the river is cutting out the shoal 
and filling up the pool in low water, and cutting out the pool and 
filling on the succeeding shoal in high water, and in fact this is 
what is always observed to occur. 

The amount of this local scour and fill on the Mississippi river 
is enormous. In the case above noted there was a total scour over 
the reach of 350,000,000 cu. ft. or enough to cover one square 
mile to a depth of 11 feet. This occurred from Nov. 13 to Jan. 8. 
In many cases the rate of fill and scour, as well as the total 
amount, is much greater than this. It is not uncommon for the 
shoal places to be built up as much as from six to ten feet in time 
of high water, so that the bottom of the river is then higher than 

1 See Beport of Miss. Riy. Commission for 1881, p. 69. 
s From plate 7i p. 120 of same report. 
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the surface of the water will be after this same fill has been cut 
out by the succeeding low water. In other words, the river bed is 
a succession of narrow, deep pools, alternating with wide shoals. 
The pools are in the bends, and the shoals are on the crossings. 
The shoals are like so many dams, fifty to seventy- five feet in 
height, stretching across the river bottom say every ten miles. In 
high water these wide dams are built several feet higher, and the 
narrow pools are dug several feet deeper. In time of low water 
the dams are scoured down several feet, and the material depos- 
ited in the succeeding pool. What is true on the Mississippi 
river on a large scale, is true of every stream flowing in a friable 
bed, on a corresponding scale. This sediment is, therefore, said 
to be in temporary^ or discontinuous suspension. It settles very 
quickly where a sample is caught in a vessel, and the amount car- 
ried by the river is only determined by taking samples at various 
depths. There is little of it near the surface, except when there 
is violent vertical agitation, as in ^' boils " and eddies. It is con- 
stantly and rapidly falling towards the bottom, and is only pre- 
vented from reaching it by the upward motion of the medium. 

Material transported by rolling on the bottom. When the grains 
of sand are too large to be held in temporary suspension they may 
yet be moved along on the bottom from being unable to resist the 
force of the current. This motion is also mostly discontinuous 
inasmuch as the particle is pushed up the gentle slope of the upper 
side of a sand wave or reef, and dropped upon the abrupt down- 
stream side, there to remain until the reef has progressed so far 
as to again expose it to the action of the water on the up-stream 
side. The amount of material so transported is fairly represented 
by thfe size and rate of travel of the wave.^ These sand waves, 
or reefs, may be as much as 8 to 15 feet high, extend from one- 
half to three-fourths the distance across the river, and move from 
10 to 30 feet a day. They succeed each other at intervals of some 
300 feet. The same action is seen by the roadside, on a small 
scale, after a shower. It obtains in all natural water courses, is 
found in both pool and shoal alike, but is most strongly developed 
on the shoals. It is largely instrumental in the formation and re- 
moval of sand bars, but is of little use to the engineer in building 
embankments. It is in this way, however, that the slow cun'eiits 
of a low stage may cut a channel through a wide and high bar. 

"See Report of Chief of Engrrs. U. S. A, for 1879, Vol. Ill, p. 1968 ; also, Beporte of Miss. 
Sir. Com. for 1881 and 1883. 
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Although the mean velocity may be small, the bottom velocity is 
relatively large on account of the shallow depth. The period of 
its action is also apt to be longer than that of flood stages. The 
amount of matter so transported is, however, small on the Miss- 
issippi river, compared to that carried in suspension. A knowledge 
of this action is mainly important as going to explain the regular 
changes that are observed to take place on the bottoms of cross- 
sections of rivers.'* 

II. The Flow of Water in Natural Clkannels, 
It is now generally admitted that no formula, involving only the 
variable functions of slope and cross-section, can ever be used to 
give even approximate values of the mean velocity, across a given 
section, of a stream flowing in its natural or irregular channel. 
Farther than this, we are now forced to the conclusion, that no such 
formula can ever be used to give the continuous discharge of a 
single stream, at a given station, even though the actual observed 
mean velocities on that section, for one year, be used in its 
derivation. 
The common type of formula is 

where 

V = menn velocity across the section. 

c =s a constant coi^fflcient, either general, or specially 

derived for each case! 

. - ,. . ^. nrea of section 

r = hydraulic mean depth ^=-—r^--: -. — ; — 

■^ "^ wetted perimeter 

9 = slope = sin. of angle of inclination to the horizontal. 

m and n are usually taken as i. 

The Chezy formula, which is of this type is : 

t; = c ^ra. 

Most of the efforts made to adapt this formula to the flow of 
water in natural channels have been spent upon the coefficient c. 

It is, however, no longer a question of coefficients or exponents. 
For regular and stable channels, like flumes^ canals, or ponds 
controlled by fixed weirs, formulae can readily be deduced that 
will give fair results, but in all natural channels, the cross-section, 
slope, and flow, are so irregular, and the bed so changeable, that the 
variables affecting the flow are not adequately represented by r 
and 9, and hence, any formula based on these for the independent 
variables will surely fail. 

A body of finite mass, moving under constantly varying accel- 

«For an article on "Silt movement by the Mississippi" by Robt. E. McMath, see 
Journal of the Association of Engineering Societies, v. 1, p. ^66. 
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erating and retarding forces, never has a velocity at a given point 
which is a function only of the forces acting at that point. Since 
the accelerating forces of a stream are due to the slope, and the 

^ retarding forces are due mainly to bed and banks, and since the 

^ conditions of slope, bed and banks are constantly changing in the 

progress of a given mass of water down stream, it follows that this 
mass is subject to constantly varying forces. The velocity of this 
mass at any section is therefore a function of the slope and bed 
for an indefinite distance above, and can never be predicted from 
the immediate conditions at the section.^ Whether or not it can 
ever be predicted, within reasonable limits, is still a question, but 
some new light has recently been shed on this much mooted subject. 
If the conditions of slope, approach, cross- section, and discharge, 
should be always the same at the same stage of water, or for the 
same stage and same rate of rise or fall, then a cycle of observations 
on mean velocity might enable us to predict what the next cycle of 
mean velocities would be at that same section. But, as outlined 
above, in discussing silt movement, it is seen that, in streams of 

I unstable regime, the bed is constantly shifting, and that the high 

ridges, or bars, that alternate with the pools, are constantly chang- 
ing their height. If these ridges be conceived, as weirs, and the 
stage of water in the intercepted pools be controlled by these weirs, 
which it is in medium and low stages, then the discharge in this pool 
may be discussed with some confidence and profit. If the section 
be located in the lower portion of the pool, so that the conditions 
of approach over the weir above be of little consequence, then the 
conditions effecting discharge are, the effective head, that is, the 
surface slope from the section to the weir below, and the depth on 
theweir. The origin, from which the stage should be measured, in 
this case, is the natural zero of hydraulic activity, viz. : the hori- 
zontal plane passing through the crest of the weir. When so taken, 
a very simple relation is found to exist between stage and mean ve- 

\ lociiy, inasmuch as the latter is a linear function of the former.^ 

* The problem is eimilar to the instantaneous relation existing between the pressure 
on the piston of a crank engine, the resistance to motion, and||the velocity of the fly 
wheel. No one would for a moment suppose that a formula could be derived that 
would express this relation for any given instant, and yet this is exactly what has been 
attempted on streams for the last one hundred years. 

^The locus is probably an hyperbola, which becomes practically a straight line for'all 
stages above a few feet. See paper by B. E. McMath before Am. Soc. of Civil Engineers. 
V. 11, No. 239. 
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If this relation be determined by observations at that section, then 
it may safely be ased «o long 09 the weir condition remains fixed. 
When this changes, by scoar or fill of the bar, then the origin of 
the locus changes with the change in origin for stage. Bat the 
weir condition could be made the subject of observations, and the 
locus of the curve of mean velocity and stage so adjusted as still to 
indicate the mean velocity for this locality, provided the section on 
weir, or bar, should remain the section controlling, or limiting, the 
discharge. In high stages, the region over the weir becomes it- 
self the comparatively stagnant pool, and the controlling or limit- 
ing section is in the deep and narrow bend below. The low slope 
is now over the shoal, and the steep slope in the deep pool. This 
slope is used to generate the accelerated velocity through the en- 
gorged section. The conditions of k slack pool, retained by a 
submerged horizontal weir, now no longer obtains, and the 
narrow, deep reach around the bend with high slope, is similar to 
an engorgement by lateral contraction. This is a very different 
problem, evidently, from what we had at a lower stage when the 
weir section was the limiting one, and a discussion of this state of 
affairs offers greater difficulties than the other. As a striking ex- 
ample of this change of location of the engorged sections, see the 
table given above in discussing the movement of sediment. Thus, 
in low water, the deep section had an area of two or three times 
that of the shoal section, and a slope of one-sixteenth as great, 
while at high stage, the deep section had an area of only thirty- 
six hundredths of that of the shoal section, but its slope was seven 
times as great. 

The object of this presentation is not to discuss or derive form- 
nlsB, but to call attention to some of the heretofore neglected 
functions of the problem. These functions are seen to be so 
various, and apparently lawless in their nature, that it is highly 
improbable that we shall ever be able to obtain any formula of 
much value. A service has been rendered, however, when the 
impossibilit}' of a successful solution on the lines of investigation 
so long pursued has been pointed out. Also, when the real deter- 
mining causes effecting flow are properly conceived and investigat- 
ed, rational and valuable formulas may be obtained for exceptional 
cases of stable conditions. 
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III, The relation of Levees to Cheat Floods and to the Low-water 
Navigation of Rivers^ as illustrated by the Mississippi River. 

That levees may be built which will confine the greatest flood on 
the Mississippi river, without danger of their giving way, may be 
admitted. The question is, What shall be their size and location ? 

The location of a levee is determined by two considerations in 
favor of putting it as near the bank as possible, and by two others 
in favor of putting it as far away as possible. The arguments in 
favor of putting the levee near the bank are : 

First, The land near the bank is generally higher than any- 
\^here else. There is generally a well defined slope away from the 
river, and therefore a levee here, to confine a given flood plane^ 
will have the minimum height and cost. 

Second, The land near the river bank is always most valuable 
for cultivation on account of its being higher, and therefore the 
protection of this narrow strip is the chief cause for leveeing the 
river at all. 

The arguments in favor of putting the levee at a distance from 
the river are : 

Firsts so that it will not soon fall into the river from caving 
banks, and second^ So that the facilities for flood discharge may 
be greater, and therefore, the flood stage and necessary height of 
levee less. This latter argument is so generally advanced that it 
is deserving of mention, but I will try to show that it is more vis- 
ionary than real. The force of the other arguments above stated 
is evident, and they need no further discussion. 

The height required for levees in a certain locality is a very 
complicated problem, and unfortunately for tlie lower Mississippi 
river it is a problem on which we have no direct evidence. By 
having no direct evidence, I mean that as there is no point on the 
river below Cairo where the whole of a great flood has ever been 
confined between levees, so there is no argument from experience. 

In this dilemma we are forced to fall back upon theoretical con- 
siderations. 

For the past three years, 1882, '3 and '4, we have had great 
floods on the Ohio and Lower Mississippi rivers, and a great deal 
of data has been obtained, such as we have never before possessed. 
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The first installment of this flood data may be found in the Re- 
port of the Mississippi River Commission for 1883 J 

The overflow water of a great flood loses itself out over the west 
bank of the river from Cairo to Memphis, passes down through 
the St. Francis swamp, and is forced back to the river again by 
the high bluffs at Helena. It then overflows the east bank, passes 
down through the Yazoo bottoms, and is again forced back to the 
river by the bluffs at Vicksburg. It then once more crosses the 
channel and escapes over the west bank to return no more, but to 
find its way to the gulf through the Tensas and Atchafalaya river 
regions.® 

Notwithstanding the river has been leveed almost fi-om Cairo to 
the Gulf, and in the lower parts of the valley these levees have 
been carefully maintained and gradually enlarged, yet in time of 
a great flood the surplus water seems quite oblivious of such frail 
barriers, and always goes over and through them very much as 
though it were quite unconscious of their presence. And every 
time the levees are destroyed the people seem as much astonished 
as though that were the first time such a calamity had ever be- 
fallen them. The trouble is that due weight has not heretofore 
been given to the enormous quantity of water passing outside the 
channel. Before the flood of 1882 no even approximate determi- 
nation of the amount of such water had ever been made, and no 
one suspected it to be so large. From the observations taken oq 
that flood, which was the largest on record, we find that on some 
zones, or belts, there was about as much water passing outside 
the channel as there was in the channel. The total maximum dis- 
charged in that flood was some 2,000,000 cu. ft. per second, 
while for a hundred miles (by river) at and above Lake Provi- 
dence, and for another hundred in the vicinity of New Orleans, 
the discharge in the channel, with overflowing banks, was but 
1,000,000 cu. ft. per second. The other million was finding its 
way to the gulf through the swamps. This is a very starthng 
fact. It means that if we propose to completely confine the wat- 
ers of a large flood between levees, we must, in places, carry twice 

f Sapplemented in the Report of 1884, by several reports on the observed Tolame of 
the overflow water in the flood of 1882, including one bj the writer on the Flood DIs* 
charge through the Tazoo Bottoms. 

" See paper hy the writer on " Great Floods on the liOwer Mississippi," in Journal 
of the Association of Engineering Societies, y. 2, p. 115. 



Digitized by 



Google 



MECHANICAL SCIENCE. 285 

as much water as the present channel can take. At all points be- 
low Cairo, it is now pretty well known how much more water 
Tvould have passed in a confined channel, than did so pass in the 
flood of 1882. With such facts as a basis for estimates, engineers 
still diflfer very widely as to tlie necessary height the levees must 
have to confine these additional volumes. Some engineers afiOirm 
that the levees need be but little, if any, higher than they now are, 
while others insist that in places they will have to be from ten to 
twelve feet higher than they npw are. The whole question turns 
on whether or not the bed of the river will scour out when all the 
water is confined to the channel. The popular conception, as 
well as the expressed opinion of most writers on the subject, is to 
the effect that a confining of the waters to one channel will in- 
crease the velocity of the stream (which everybody admits), that 
this increased velocity will give increased scour (which every- 
body admits, in a sense) and that this increased scour will result 
in a general lowering of the' bed (which must be denied). 

In other words, there are two schools of engineers, the concen- 
tration school, and the equalization school. The former affirms 
the beneficial results of an increased volume at high stage ; the 
latter not only denies any beneficial results but affirms that actual 
harm would ensue. Again the question turns on the methods 
of transporting sediment. The concentration school argue as 
though all sediment were of the continuous type, and when once 
taken up it would be carried to the sea, provided all the water re- 
mained in the channel. But they say, in effect, that in case of a 
flow over the bank, while the water pauses to consider whether it 
shall go over the bank or remain in the channel, the sediment es- 
capes from its grasp and settles to the bottom. On the contrary, 
we know, that when two forces, at right angles to each other, act 
on a moving particle, it moves over a path which is a resultant of 
the two forces, and so moves faster than if either force acted alone. 
Therefore, instead of the water being checked by the escape over 
the bank it is really accelerated. Again, the more the energy of 
a river is increased by increasing the stage the more unequal be- 
comes the difference in area of successive sections in wide and nar- 
row places, and at high stage the narrow and deep places are 
always the engorged sections. If the energy of the river be in- 
creased at this stage it simply scours out the deep places deeper, 
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and drops this matter on the succeeding wide shoal. That is, any 
influence towards a temporary adjustment of the river's bed to a 
high water discharge is an influence which is adding to the heights 
of all the sand bars on the river. The greater the stage, the 
higher the bars and the deeper the pools become ; and so far is 
this from facilitating the discharge, that, in the language of the 
Secretary of the Mississippi River Commission, **• the effect of an 
approaching flood is to impede its own discharge, and the impedi- 
ment outlasts the flood.'* An example of this action is found in 
the flood of 1858 at Columbus, Ky., where the river was leveed. 
The discharge of the river exceeded 1,100,000 cu. fb. per second, 
four times from December to June. The stages at which the 
river discharged this amount were: 29.5 ft., 82.5 ft., 38.5 ft., 
and 35.0 ft. on a rising stage, and 81.6 fb., 34.7 fb., 85.9 ft. and 
86. 9 ft. on a falling stage. 

If the successive differences between rising and falling stages at 
which the discharge was 1,100,000 cu. ft., be taken out for each rise 
we have, 2.1 feet, 2.2 feet, 2.4 feet and 1 9 feet, as the legitimate 
effect of the change from a rising to a falling condition. 

If, however, we compare the first and last rising stages when the 
discharge was 1,100,000 cu. ft., we find that in June it required a 
stage 5.5 feet higher to discharge this water than it did the pre- 
vious December. Making the same comparison on falling stage 
we find a difference of 5.3 feet. This was due to deterioration of 
channel caused by a building up of the bars or weirs, by a suffic- 
ient amount to raise the stage 5.5 feet in order to discharge the 
same amount. 

It is highly probable that the two high waters of 1882 and 1883, 
in the Ohio River worked such detriment to the channel that the 
flood of 1884 was raised several feet higher than it would have 
been had the same amount of water passed in 1882. 

It would seem, therefore, that in the river*s present condition, 
there is no evidence that a confined flood will scour out its bed so 
as to facilitate the discharge, and there is considerable evidence 
against it. If the river flowed between straight, parallel banks, 
such as Capt. Eads has constructed at the mouth of the river, then 
there could be no such thing as discontinuous transportation of 
sediment, and hence no alternate scour and fill. Then concentra- 
tion of volume would be beneficial, and would ultimately lower the 
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river bed. Bat this condition of things can never be reached on 
the Mississippi River, and hence the concentration of flood volume 
will ever be harmful rather than helpful. 

It follows from this, that if an additional quantity of water is 
confined to the channel in time of flood, we must provide accommo* 
dation for it at the surface rather than at the bottom of the river. 
If this point be settled, it is not difllcult to approximate to the 
new stage to pass the new volume. There are many stations on 
the river below Cairo where discharge observations have been con- 
ducted for one or more years. If, for one of these sections, we 
plot stage and discharge, we get a curve showing the relation of 
the two from low water to say 50 feet above. If the levees be 
near the banks, which they usually are, and they be high enough 
to confine the flood, the conditions of flow will not be materially 
changed as the water gets above the bank. If, now, we know what 
the additional quantity will be to confine it all, we could simply 
extend the discharge curve until we reach the proper volume, and 
then read off the corresponding stage. The only uncertainties 
here are in the curve itself, which may not rigidly apply for another 
year at the same locality, and in its extension. These uncertainties 
may have a maximum value of several feet, and yet it is the only 
argument we can use, and it will give approximate results, which 
are more likely to be too small than too large. If the heights of 
levee necessary to confine such a fiood as that of 1882 be found 
in this way, and the additional cost estimated, it makes an item of 
over $50,000,000, to complete the levee system from Cairo to the 
Gulf. It is questionable if such levees ever will be built.^ 

In regard to putting the levees farther from the banks, the two 
main objections have already been mentioned. There would be also 
little advantage from increased facility of discharge. The ground 
would have to be kept clear of all timber, weeds, and undergrowth, 
or else, it would oflfer very poor opportunities for discharge. This 
could hardly be done. The water flowing across a neck, also, 
does more to hinder than to help the flow around the bend, by 
lessening the volume in the channel. 

There is another expedient whicfi has been advocated, which ap- 
pears .to be practicable, but for which there are yet not sufiScient 

>The Miss. Riv. Com., in their report for 1883, estimate this cost at some $11,000,000 
but Gen. C. B. Comstock, President of the Commission dissents from this view. 
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surveys to determine. It consists in having ordinary sized levees, 
such as are now built, which will confine the ordinary floods, 
with waste weirs at such points as offer the best facilities of dis- 
cbarge through the swamps, to let off the surplus waters without 
detriment to the levees and with the least possible damage to the 
lands. There are a great many natural outlets from the river 
back to the main drainage channels of the bottoms, which could 
be utilized in this way. This sort of outlet, however, is more 
like the spilling of the water over the bank, than like a crevasse 
in the levee. These weirs would have to be miles in extent so 
that the depth of overflow need not be more than two feet. This 
arrangement has been adopted on the Rhone with very satisfactory 
results. '<> 

The relation of levees to low tocUer navigation has already been 
trenched upon above in showing the effect of increased stages at 
time of high water, in building up the bars. What is wanted is 
the removal of the bars, and for this purpose the low water energy 
should be increased and the high water effect diminished. In other 
words, the extremes should be brought nearer together which is 
all included in the term equalization of volume. Any influence, 
therefore, which forces these extremes farther apart is hurtful. 
Levees tend to make high water higher, and therefore, they are an 
injury to navigation.^^ 

Evidently it would be of no advantage to navigation if the river 
bed were uniformly lowered a hundred feet, provided the same 
irregularities remained in the matter of pool and shoal. 

If ever the river should be regulated in width so that the dis- 
continuous movement of sediment becomes inappreciable, then the 
stage may be increased to advantage. It is highly improbable 
that this ever will be done, and therefore the building of levees on 
the banks of the Mississippi River will never prove an aid to low 
water navigation. On the contrary they will always tend to pro- 
duce a certain amount of damage. 

loSee paper by the writer on ^'Protection of Lower Mississippi Valley from oyerflow" 
In Journal of tlie Association of Engineering Societies, t. 3, p. 169. 

i^ See paper by Robt. E. McMatli on "Levees, — their Relation to Riyer PhysicSi" in 
Journal of the Association of Engineering Societies, v. 3, p. 43. 
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Steam-engine practice in the United States in 1884. By J. C. 
HoADLEY, C.E., Boston, Mass.^ 

Following the usual course of development which rules in all 
untrammelled, healthful industries, no less than in the works of 
nature, the steam-engine is daily becoming more and more differ- 
entiated, the better to adapt each special fonn to some particular 
purpose. 

As the machinist's tools used in its construction are specialized 
and adapted each to a single class of operations, — their increased 
eflSciency for a special purpose more than compensating for the 
limited range of their utility, — so the steam-engine itself, broadly 
considered, is continually developing new and useful varieties. At 
the same time, and as a consequence of the earnest stud^' devoted 
to each variety, a parallel tendency to fixedness of type in each 
class is no less apparent than is the diversity of types. 

Pumping-engines for public water-works, with a few large engines 
for manufacturing and mining purposes, constitute a class by them- 
selves. 

Engines for rolling-mills and general metallurgical purposes form 
a well-marked class. 

Great lumber-manufacturing regions, like Maine and Michigan, 
have called into being a class of engines particularly adapted to 
saw-mills and wood-working machines. 

Marine engines constitute an important class, of which steamboat 
and ferry-boat engines are one distinct variety, and engines of ships- 
of-war another. 

Locomotives form a distinct class, subdivided into several varie- 
ties more or less differentiated, — passenger-engines, freight-engines, 
mountain-engines, shunting-engines, and various small engines for 
mining and other purposes. 

1 The stereotype plates of this paper were furnished by the author. — > 
Editor. 

A. A. A. S., VOL. XXXni. 
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The hoisting engine, the steam-ciline, the steam-pnmp, the steam- 
blowing engine, the steam fire-engine, the portable and the semi-port- 
able engine, the traction-engine, are, each and all, clearly marked 
varieties. 

The steam-ploughing-engine, a type highly developed in England, 
is almost unknown in the United States. 

Engines specially designed for driving dynamos, for electric 
lighting, may almost be said to constitute a class of the quick- 
iiinning, or high-speed, group of engines. 

Nearly all these classes of engines are in full course of develop- 
ment in the United States at this time, some much more advanced 
than others, but for the most part in a highly specialized form 
already, and rapidly taking on greater fixedness of type. 

A complete and discriminating notice of all would require a 
voluminous treatise. The limits of this paper will admit only a 
few conspicuous examples of some of the leading types ; and the 
time at command will compel a pretty close adherence to the obser- 
vation and experience of the writer, with the risk of some lack of 
symmetry and proportion as a probable consequence, and of some 
apparent egotism. 

WATER-WORKS ENGINES. 

This classification is rather arbitrary; since it is intended to 
include only copi pound engines of a certain type, and to cover cer- 
tain Corliss and Leavitt engines not used for water-works. 

Examples of these engines are to be found in the public water- 
works at Lowell, at Lynn, and at Lawrence, and at the sews^e- 
pumping station, Boston, Mass. ; at the water-works in Providence 
and Fawtucket, R.I. ; at St. Louis, Mo. ; and at Saratoga, N.Y. 

Engines belonging to this class, although not used for pumping, 
are the great Centennial Corliss engine, now supplying power for the 
car-shops at Pullman, near Chicago, 111. ; and the Leavitt engine 
at the Calumet and Hecla copper-mine, at Calumet, Houghton 
County, Mich. 

LOWELL PUMPING-ENGINE. 

This is a vertical, compound engine, having its steam-cylinders 
and air-pump located on one side of the beam-centre, and its pump 
and fly-wheel on the other side. The high-pressure cylinder is 36 
inches in diameter, with a stroke of 5 feet If inches. The low- 
pressure cylinder, which is located at the extremity of the beam, 
has a diameter of 57 inches, with 8 feet stroke. 
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In volume swept through b}- the pistons, the two cylinders are to 
each other in the ratio of 1 to 3.9. The air-pump is 25 inches in 
diameter, with a stroke of 3 feet. 

The water-pump, of the Thames-Ditton, or bucket-and-plunger 
variety, has a stroke of 6 feet, with 36 inches diameter of chamber 
and 25.45 inches diameter of plunger. The fly-wheel is 25 feet in 
diameter. The beam is double, and its top is 29 feet 1 inch above 
the floor of the engine-room. a 

The contract requirements were : 75,000,000 pounds raised 1 foot 
for each 100 pounds of coal burned in the boiler furnaces, — equal to 
2.64 pounds of coal per dynamic horse-power per hour, — and a capa- 
city of 5,000,000 Winchester gallons (of 231 cubic inches each) in 
24 hours, when making llf double strokes per minute. 

It can be safely and conveniently run at velocities ranging from 
5 to 16 revolutions of the fly-wheel per minute. The actual, or 
static head, is 159 feet ; and the virtual, or dynamic head, when the 
engine is making 9 revolutions per minute, is 161 feet. 

This engine was tested, for duty and capacity, by a board of 
expeits, consisting of Mr. James B. Francis, Mr. William E. 
Worthen, and the writer, in July, 1873, by a run of 80 consecutive 
hours ; and gave a duty of 93,002,272 foot-pounds per 100 pounds 
of coal burned, and 191.8 mean indicated horse-power, with a mean 
consumption of 351 pounds of coal per hour, equal to 1.83 pounds 
of coal per indicated horse-power and per hour. 

This engine was constructed by Henry G. Morris of Philadelphia. 

Its subsequent performance has been still better. During 10 
years and 4 months, from Sept. 1, 1873, to Dec. 31, 1883, the duty 
in foot-pounds per 100 pounds of coal burned for pumping, without 
deduction for ashes or clinkers, ranged between the annual mean of 
108,699,620 and 89,739,070, with a general mean of 98,092,883. 

During 5 consecutive years, 1875-1879, the mean duty on the 
same basis was 104,155,452. 

During 9 years, 1875-1883, the duty in foot-pounds per 100 
pounds of coal burned for all purposes, including warming the 
engine-house when not pumping, without deduction for ashes or 
clinkers, ranged between the annual mean of 72,925,000 and 78,- 
757,528, with a general mean of 77,017,984. 

PUMPING-ENGINE, LYNN WATER-WORKS. 

This engine, designed by Mr. E. D. Leavitt, jun., and built by 
I. P. Morris & Co. of Philadelphia, in 1873, presents some features 
then quite novel, but since often repeated. 
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The high-pressure cylinder, 17.5 inches in diameter, and the low- 
pressure cylinder, 36 inches in diameter, have each the same length 
of stroke as the pump-plunger,-^ viz., 7 feet, — and are placed close 
together at their lower end, under the beam-centre, with an outwai-d 
inclination such that their pistons are connected with opposite ends 
of the beam, and move in op|X>site directions. 

The lower end of the high-pressure cylinder exhausts by a very 
short passage directly into the lower end of the low-pressure cylin- 
der, under control of a single valve. 

The up|)er end of the high-pressure cylinder exhausts into the 
upper end of the low-pressure cylinder, through a passage about 4 
feet in length, controlled by two valves, one quite close to each 
cylinder, so that the steam in this passage is retained as in a receiver, 
and the passage adds nothing to the clearance space. 

All the valves are gridiron slides ; and those of steam admission 
to the high-pressure cylinder are automatically controlled by the 
governor, and are adjustable for vanous speeds. 

The air-pump is double acting, 11.25 inches in diameter, and 49.5 
inches stroke, and is operated by a connecting-rod from the beam. 
The hot-well discharges into the pump- well, and the boiler feed- water 
is drawn from the hot-well by a donkey steam-pump. 

The water-pump is of the Thames-Ditton variety, — a bucket- 
and-plunger pump. 

The pump-barrel is 26.1 inches in diameter, and the plunger 18.5 
inches. The pump is vertical, and is under that end of the beam 
with which the low-pressure piston is connected. 

To the opposite end of the beam to which the high-pressure piston 
is connected, there is also attached a connecting-rod for driving the 
fly-wheel shaft by means of a 3.5 foot-crank. The fly-wheel is 26.5 
feet in diameter, and weighs 24,000 pounds (about lOf tons). The 
beam is 14 feet long between centres, and weighs 9,500 pounds. 
The weight of the moving parts connected with the beam is 11,000 
pounds. 

The several volumes of clearance and waste-room, in terms of 
the respective volumes swept through by the pistons, were : — 

High-pressure cylinder, top 0231 

High-pressure cylinder, bottom 0360 

Connection between valves at top 0834 

Low-pressure cylinder, top 0109 

Low-pressure cylinder, bottom 0104 

The passage between the cylinders is referred to the volume of 
the high-pressure cylinder. 
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Boilers: two plain tubular boilers, shell 60 inches diameter, 16 
feet long; with 77 flues, 3 inches outside diameter, 16 feet long; 
steam-drum 3 feet in diameter, 6 feet high ; fire-grate 5 feet long, 
5.5 feet wide. 

A test of this engine for duty and capacity was made on the 10th, 
11th, and 12th of December, 1873, by a board of experts, consisting 
of William E. Worthen, James P. Kirkwood, Charles Hermany, 
Joseph P. Davis, and the writer. 

All usual and reasonable precautions were taken to avoid error 
and to insure substantial accuracy, and I see no reason to doubt the 
correctness of the results reached. 

The mean actual resistance acting against the pump-plunger was 
ascertained to be 72.41 pounds per square inch, to which was added, 
according to the terms of the contract and in conformity with a gen- 
eral custom, 1 pound per square inch, making 73.41 pounds. 

The trial was of 52 hours duration. The number of revolutions 
of the fly-wheel was recorded by a counter ; fuel and water were 
carefully weighed and recorded, and plotted on a chart to check 
errors or omissions ; and all circumstances affecting the result were 
taken into the account. Complete sets of indicator diagrams were 
taken at regular intervals, measured, tabulated, and computed. 

The result was 103,923,215 foot-pounds of work done by the 
engine for every 100 pounds of coal consumed in the furnaces. 

The subsequent record shows still better results. It appears from 
the annual reports of the Water Board, that during 6 years, 1877- 
1882, the mean duty in foot-pounds calculated on all the coal con- 
sumed, including warming the engine-house while the pump was not 
running, was for each 100 pounds of coal, without deductions for 
ashes or residue, 90,212,158. 

Duty in foot-pounds calculated on all the coal burned, including 
warming, ashes and residue deducted, for each 100 pounds of com- 
bustible consumed, 103,513,392. 

Duty in foot-pounds calculated on all the coal consumed while 
actually pumping, without deduction for ashes and residue, for each 
100 pounds of coal, 115,888,996. 

In these computations of duty, the one pound per square inch 
added, at the test, for estimated frictions and resistances in the suc- 
tion-pipe and pump, was omitted, a difference of 1.38 per cent. 

PUMPING-ENGINE, LAWRENCE WATER- WORKS. 

This engine, also designed by Mr. E. D. Leavitt, jun., is similar 
to the Lynn engine last described, but isL a little larger in all its 
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dimensions, aa will appear by the following table. Two of these 
engines are placeil side by side, with a shaft and fly-wheel in com- 
mon, so that they may be used singly or both together. 

I. 

TABLE OF dimensions: ENGINES. 

Diameters : — 

Illgh-pressure cy linden, inches 18 

Low-pressure cylinders, inches 38 

Piston-rod) high-pressure, inches 3.5 

Piston-rod, low-pressure, inches 4 

Air-pump, inches 15 

Main water-pump, barrel, inches 26.125 

Main water-pump, plunger, inches 18.5 

Pump plunger-rod, inches 4.5 

Bottom and supplementary valves outside of main seat, inches • . . 15.75 

The same inside of main seat, inches 12.5 

Bucket valves outside of lower seat, inches 22 

The same inside of upper seat, inches 15 

Air-chamber, inches 54 

Fly-wheel, feet 30 

Length of stroke : — 

Steam and water pistons, feet 8 

Air-pump, inches 28 

Distance between end-centres of beam, feet 16.5 

Lead of valves : — 

High-pressure admission valves, inches 

High-pre«sure exhaust valves, inches iV 

Low-pressure admission valves, inches iV 

Low-pressure exhaust, top, inches 3tV 

Low-pressure exhaust, bottom, inches 4fV 

Cushion : — 

High-pressure exhaust, top, inches 14^ 

High-pressure exhaust, bottom, inches 14} 

Low-pressure exhaust, top, inches 4^ 

Low-pressure exhaust, bottom, inches 8t 

Volume of clearance and waste-room, in terms of volume swept 
through by the pistons : — 

High-pressure, top 0256 

High-pressure, bottom 0231 

Low-pressure, top 0154 

Low-pressure, bottom • • .0182 
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Connecting-pipe between cylinders, referred to the high-pressure cylinder, .0992 

Weight of fly-wheel (16 tons), pounds 35,900 

Weight of beam, pins, and counter balance (14i tons), pounds . . 25,700 

Weight of high-pressure piston, rod, and connections, pounds . . 2,575 

Weight of low-pressure piston and connections, i)ounds .... 4,175 

Weight of air-pump piston and connections, pounds 1,800 

Weight of pump plunger-bucket, pounds 7,200 

Weight of main connecting-rod, beam to crank, pounds .... 3,800 

Total weight of reciprocating parts, pounds 45,250 

Boilers : — 

Number of boilers 2 

Length of shell, feet 25.46 

Length of mid-feather, feet 12 

Length of combustion-chamber, feet 3 

Length of tubes, feet 10 

Diameter of tubes, inside, inches 3 

Number of tubes 80 

Diameter of cylindrical shell, feet 5.25 

Width of each fire-grate, inches 34 

Length of each grate, inches 60 

Number of grates 4 

Total fire-grate area, square feet 56.67 

Length of steam-drum for both boilers, feet ^ .... 12.5 

Diameter of steam-drum, inches 24 



The boilers were designed expressly for this engine. They have 
interior fire-boxes, divided by a " mid- feather " into two furnaces 
in each boiler ; this mid- feather extends back 12 feet, beyond which 
a combustion-chamber extends 3 feet to the flue-sheet. 

The gaseous products of combustion pass from the combustion- 
chamber through 80 flues 10 feet in length and 3 inches in diameter 
inside, and return beneath the boiler nearly to the ash-pit, where they 
pass downward, laterally, into a depressed flue leading to the chimney. 

A trial of this engine for duty and capacity was made May 2, 
to May 6, 1876, by a board of experts, consisting of William E. 
Worthen, Joseph P. Davis, and the writer, with an adequate num- 
ber of trained assistants. 

The run of one engine by itself was divided into two periods of 
22 hours and 35 hours respectively, with an interval of one hour and 
34 minutes, caused by the accidental blowing-out of a pipe for attach- 
ing an indicator to the pump-chambers. 

A run of 34 hours was then made with the engines coupled 
together. 

Weir measurements were made of the quantity of water delivered 
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to the reservoir ; which showed a loss of action in the pumps, from 
their estimated capacity, of 5.2 per cent. 

The contract requirements were, for capacity, 2,000,000 gallons 
(of 231 cubic inches) in 10 hours, for each engine; and, for duty, 
95,000,000 foot-pounds for every 100 pounds of best Cumberland 
(semi-bituminous) coal consumed in the furnaces. 

In determining the dut}', the quantity of water pumped was to 
be ascertained by adding to the quantity measured at the weir, 5 per 
cent of the same for loss of action in the pump, — a quantity almost 
exactly coincident with the observed difference between the estimated 
and measured delivery. 

The resistance, or " lift," was to be ascertained iJy adding to the 
mean pressure observed in the rising main, at a point within 100 feet 
of the engine-house, the pressure corresponding to a water column 
equal in height to the vertical distance from the mean level of the 
water in the pump-well to the level of the pressure-gauge on the 
rising main, increased by 1 pound to compensate for resistances 
within the suction-pipe and pump. So determined, the dynamic lift 
was from 165 to 174 feet. 

The fbrce-main was 30 inches in diameter, and 4,900 feet long ; 
with branches from engines to main, 24 inches in diameter and 75 
feet long. 

During the first and second tests, when one engine was run singly, 
both boilers were used ; but the fire-grate area was reduced, by means 
of a wall of fire-brick built on the grates at the rear end, to an aggre- 
gate area of 47 square feet. 

When both engines were run, during the third test, the bricks 
were removed, and the aggregate area of the fire-grates was 56.67 
square feet. 

Since the steam pressure and the speed of the engine were nearly 
constant, the state of the fire at any given time could be well in- 
ferred from the rate of firing during a certain period before and 
after that time, by inspection of a chart or diagram, on which inter- 
vals of time between firings were represented by abscissae, and quan- 
tities of coal fired by ordinates ; and the beginning and ending of 
the periods, of 22 hours and 35 hours for one engine, and of 34 
hours for both engines, were determined in this manner. 

The water condensed from steam of boiler-pressure in the jackets 
of both cylinders of one engine was found, by measurement after 
the test was over, to be 338.85 pounds per hour, equivalent to the 
evaporation from feed- water temperature of 100° Fah. under mean 
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boiler-pressure, of 271.08 pounds. This is about 10 per cent of the 
quantity which passed out per hour as exhaust steam. 

The rate of combustion and evaporation is exhibited in the fol- 
lowing table of the performance of the boilers. 



TABLE II. 

PERFORMANCE OF THE BOILERS. 
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22 


7,266 


7.03 


60,370 


5,964 


66,334 


8.30 


9.13 


2 


35 


11,630 


7.07 


96,540 


9,488 


106,028 


8.31 


9.12 
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84 


18,411 


9.56 


160,658 


18,433 


179,091 


8.73 


9.73 



Duty. 

The " lift," as determined according to the terms of the contract, 
was, during the 22 hours run, 75.96 X 2.31 = 175.47 feet. 

The weight of a gallon (231 cubic inches) of water, estimated 
from the determination of its specific gravity by Mr. Hasenclever, 
was 8.38 pounds. 

The quantity of water delivered over the weir into the reservoir 
was 4,527,340 gallons, which, increased by 5 per cent of itself for 
loss of action of the pump, becomes 4,753,707 gallons lifted by the 
engine. This multiplied by the weight of a gallon, 4,753,707 x 8.38 
= 39,836,064 pounds lifted 175.47 feet; and 39,836,064 x 175.47 
= 6,990,034,150 foot-pounds raised by the consumption of 7,266 
pounds of coal ; and 6,990,034,150 -^ 7,266 = 962,019 foot-pounds, 
as the duty of one pound of coal, equal to 96,201,900 foot-pounds 
per 100 pounds of coal. 

Estimated in the same manner, the duty during the 35 hours' run 
was 96,177,600 foot-pounds, and for the whole 57 hours the mean 
was 96,186,979 foot-pounds per 100 pounds of coal. During the 34 
hours' run with the two engines coupled together, the duty was 98,- 
261,700 foot-pounds per 100 pounds of coal. 

This shows that the performance of 1 dynamic horse-power 1 
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hour required the consumption of 2.06 pounds of coal in the same 
time for the single engine. Estimated per indicated horse-power, 
by the mean of indicator diagrams taken, the consumption was 1.69 
pounds per 1 horse-power per hour. 

It therefore appears that the work done by the engine, as meas- 
ured by the dynamic effect upon the water lifted, was 82 per cent of 
the indicated power; and that the loss by frictions of engine and 
pump was 18 per cent. 

It appears from the reix)rt8 of the Lawrence Water Board, that 
for the 5 years 1879-1883, the performance was still better. The 
mean for the 5 years is as follows: Duty in foot-pounds, calcu- 
lated on all the coal used for all purposes, including warming the 
engine-house, and without the addition for frictions in suction-pipe 
and pump of the 1 pound per square inch allowed at the test, and 
without deduction for ashes and residue, was, per 100 pounds of coal, 
98,318,516 foot-pounds. 

During the same period of 5 years, the duty calculated on all the 
coal used for starting and banking fires and for pumping, but not 
for warming the engine-house when the pumps were not running, 
without addition for frictions in suction-pipe and pump, and without 
deduction for ashes or residue, was, per 100 pounds of coal con- 
sumed, 102,120,127 foot-pounds. 

An independent and impartial test of this engine was made in 
July, 1879, by Mr. Richard H. Buel of Mr. Park Benjamin's scien- 
tific expert ofldce. New York, preparatory to inserting a description 
of the engine and an account of its performance in a new edition of 
Appleton's Cyclopaedia of Applied Mechanics, then in preparation 
under the editorship of Mr. Park Benjamin. 

This test was reported with great minuteness and clearness, and 
bears evident marks of intelligent care. 

The duty so ascertained, without addition for frictions in suction- 
pipe and pump, and without deduction for ashes and residue, was, in 
foot-pounds for every 100 pounds of coal consumed, 111,548,925. 

PUMPING-ENGINES AT THE SEWAGE-PtJMPINO STATION IN BOSTON. 

These two engines, desgined by Mr. E. D. Leavitt, jun., are 
compound beam-and-fly-wheel engines, with vertical inverted cylin- 
ders, having their pistons connected to opposite ends of the beam, 
and moving in opix>site directions, each giving motion by a pro- 
longation of its piston-rod to the plunger of a single-acting pump 
below it. 
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The cylinder diameters are : — 

High-pressure, 25.5 inches ; low-pressure, 52 inches ; pump- 
plunger, 48 inches ; and the stroke, common to all, is 9 feet. 

Both cylinders are thoroughly steam- jacketed on sides and ends ; 
and the exhaust steam from the high-pressure cylinder passes, on its 
way to the low-pressure cylinder, through re-heaters filled with tubes 
containing high-pressure steam. 

The boilers and the engines are designed for steam of 100 pounds 
pressure per square inch above the atmosphere. The engines are in- 
tended to run 12 revolutions per minute. They have been in opera- 
tion since Jan, 1, 1884; and during 17 weeks from Jan. 26 to 
May 24, pumped a daily mean quantity equal to 28,466,314 Win- 
chester gallons against a mean head of 35 to 36 feet. 

The daily consumption of coal, with 15.59 per cent refuse, was 
15,590 pounds; but an unknown quantity of steam was used to 
keep reserve Worthington pumps in running order, and to do some 
pumping with them, and for other purposes, so that the data are too 
inexact to afford a basis for the calculation of duty. It is to be 
hoped that the city of Boston may contribute the results of a well- 
conducted test of these important engines to engineering science, in 
a manner to commend itself to general confidence. 

" SUPERIOR." 

A hoisting-engine designed by Mr. E. D. Leavitt, jun., for the 
Calumet and Hecla copper-mine at Calumet, Houghton County, 
Mich., and built by the I. P.* Morris Company, Philadelphia, in 
1881, bears the above significant name. 

This fine engine forms the subject of a paper by its designer, 
read before the American Society of Mechanical Engineers at the 
Hartford meeting in May, 1881 ; published in the Transactions of the 
Society, vol. ii. pp. 106-121 ; and republished, with all the illustra- 
tions, in the American Machinist, vol. iv., No. 26, June 25, 1881. 

Only the briefest summary of its dimensions and constructive 
features will be here given. 

The cylinders are respectively 40 and 70 inches in diameter, ver- 
tical, 9 feet apart between centres, and have each a stroke of 6 
feet, which, with a speed of 60 revolutions per minute, gives a 
piston speed of 720 feet per minute. 

The normal boiler-pressure is 135 pounds per square inch above 
atmosphere, equal to 10.19 atmospheres absolute, with initial pressure 
very little less, full admission to the point of cut-off, and prompt 
suppression. 
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The valves are gridiron slides, four for each cylinder, with 16 
ports each, and have only one inch travel. The admission valves 
of tlic high-pressure cylinder are under the control of a sensitive 
Porter governor, but are actuated by the piston of a small sub- 
sidiary steam-engine, automatically adjusted by the governor, giving 
a range of admission of from to .6 of stroke. 

The low-pressure inlet-valves are set to close at 35 inches,— 
equal to 48.61 per cent of stroke. All the cams for moving the 
valves are placed on a cam-shaft carried in brackets secured to the 
side of the main bed-plate, and also supported from the engine 
foundation, and driven by mitre-gears from the crank-shaft, which 
is of hammered steel, 18 inches in diameter, and 45 feet long, with 
joumals 32 inches long. 

The crank-pin journal is 18 inches in diameter, and 24 inches 
long. Two re-heaters, one at each end, are placed between the 
cylinders, each having 941 brass tubes | inch diameter, -^ inch in 
thickness, and 60 inches long, presenting, therefore, an aggregate 
tube-surface of 1,540 square feet, equal to 14 per cent of the heat- 
ing surface of the boilers. 

These tubes are filled with steam of boiler-pressure, and the 
passing steam is so guided among them by deflectors as to make 
all the tube-surface effective. 

Steam is supplied by five locomotive boilers, presenting in the 
aggregate 260 square feet of fire-grate area, and 11,000 square feet 
of water-heating surface, — a ratio of 42.3 to 1 ; and 2.34 square 
feet of heating-surface for each indicated horse-power at the maxi- 
mum, 4,700 indicated horse-power, when cutting off at half stroke 
in the high-pressure cylinder; an effort only required occasionally 
for short periods, when all the skips are at the bottom of the mine 
together. 

The boilers are 33.4 feet in extreme length, 110.5 inches wide 
at bottom of fire-box, 96.56 inches high over the fire-box, and 84 
inches in diameter inside of the barrel, which has double and treble 
riveted, double-fished butt-joints. 

Each boiler has two furnaces 8 feet long, 4 feet wide, and 5.52 
feet high above base ring ; a combustion-chamber 2.92 feet long in 
rear of each furnace, and a common combustion-chamber for the 
two furnaces 4.08 feet long to the tube-sheet; and 118 iron tubes 
3.5 inches in diameter outside, and 18 feet long between the tube- 
sheets. 

The plates are all of best open-hearth steel, -^ inch thick in the 
furnaces, and ^-^ inch in the barrel and fire-box casing. 
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There is no brick setting, but the outside is carefully clothed with 
non-conducting materials. There has been no regular test, save the 
test of daily performance, which is highly satisfactory. Indicator 
diagrams taken in regular work are very beautiful. 

PUMPING-ENGINE, PAWTUCKET, B.I. 

This engine, designed by Mr. George H. Corliss, and built by 
the Corliss Steam-Engine Company, Providence, is a horizontal, 
compound, receiver engine, with its cylinders placed side by side, 
but separated by the length of the crank-shaft, jbls in ordinary 
double or two-cylinder engines. 

The cylinders are respectively 15 and 30 inches in diameter, and 
the stroke, common to both, is 30 inches. The pump-pistons have 
a stroke also of 30 inches, and a diameter of 10.52 inches, and are 
keyed upon prolongations of the piston-rods of the engines, which 
extend through the pumps to cross-heads running in forked slides 
cast in one piece with the pump-heads farthest from the steam 
cylinders. 

The cylinders are sustained by hollow legs at their ends, which 
mask the steam and exhaust pipes. The pump-barrels are enclosed 
in firm rectangular plinths, which are securely connected, by ties 
and struts, with the steam-cylinders. 

Rectangular dies, resting on these plinths and firmly secured to 
them, serve as valve-casings, and air-chambers for the pumps, and 
as supports for the crank-shaft boxes, the centre of the crank-shaft 
being 9 feet 8 inches above the floor of the engine-room. Short con- 
necting-rods, or front-links, 6 feet 2 inches in length, which extend 
from the cross-heads to wrist-pins in the forked upper extremities 
of cast-iron rockers, give these rockers a reciprocating motion upon 
centres 6 feet 2 inches below. 

These rockers spread out at the upper end to a width sufl3cient to 
take in two pins 5 feet apart between centres, to each of which two 
wrought-iron rods are secured, the four rods of each set meeting at 
their upper ends, where they are united by a pin which serves as the 
wrist-pin for one end of a connecting-rod 12 feet 6 inches long, 
extending to the wrist-pin of a crank on the fly-wheel shaft. 

Each set of four rods, in connection with the cast-iron rocker at 
their base, forms a rigid extension of the rocker upwards to just 
twice the height of the cast-iron portion, so that the two cranks on 
the fly-wheel shaft, which are set at right angles, are 30 inches in 
length, equal to the stroke of the steam and water pistons. 

A strong brace extends downward from each die, in a direct line 
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from the crank-shaft, at an angle of 45 degrees, to the sole-plate 
near tlie supi)orts for the lower ends of the rockers. 

The fly-wheel, 18 feet in diameter, running entirely above the 
floor, has a flat face 12 inches wide and 2 inches thick, with a cen- 
tral rib 5 inches wide, and is properly very light, as it has very little 
to do. 

All parts of the steam-cylinders, covers, and valve-chests, are 
steam-jacketed; but live steam is not introduced into the pistons. 
Normal boiler-pressure is 125 pounds per square inch above the 
atmosphere, and expansion in both cylinders is about twenty-fold. 

Water resulting from condensation in the jacket of the high- 
pressure cylinder is returned directly to the boilers ; and the drainage 
from the receiver, including that from the jacket of the low-pressure 
cylinder, is re-evaporated and superheated by passing through tubular 
re-heaters in the smoke-flues, and returned as superheated steam to 
the receiver. The valves and valve-gears are all of Mr. Corlisses 
well-known construction. 

Steam is furnished by three of Mr. Corliss's patent upright tubu- 
lar boilers, each 4 feet in diameter and 14 feet long, of the same 
form and arrangement as those which furnished steam for the Corliss 
engine at the Centennial Exhibition in 1876. 

Each boiler has 560 square feet of heating-surface, and 19.63 
square feet of fire-grate area. The escaping gases of combustion 
pass for a considerable distance through tubes surrounded by steam, 
and doubtless cause a good deal of superheating. 

Two distinct tests of this engine were made by Mr. Walter H. 
Sears, chief engineer of the Pawtucket Water- works, and Mr. Isaac 
R. Scott, president of the water board of Waltham, Mass. ; one of 
10 hours per day during two weeks, Tuesday, Aug. 6, to Monday, 
Aug. 19, 1878, excluding the two intervening Sundays, Aug. 11 and 
18. 

The total run was therefore 120 hours, in 12 periods of 10 hours 
each, with 9 intervals of 14 hours each, and 2 of 36 hours each. 
The wood used for kindling fires, 2,126.5 pounds (89 pounds each 
day to each boiler), was estimated as coal at 45 per cent of its 
weight, equal to 957 pounds of coal, which added to 6,521 pounds of 
coal used in starting fires (271 pounds per day, per boiler) makes 
7,478 pounds of coal, equal to 311 pounds of coal per day for each 
boiler, principally consumed by reason of the intervals when the 
engine was at rest. 

The coal used for pumping was 26,598.5 pounds ; and all the coal 
used for starting fires and pumping, including the estimated coal- 
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value of the wood, was 34,076.5 pounds, of which 22 per cent was 
used in starting fires. (Only two boilers were used in this test.) 

The dut}', calculated upon the capacity of the puraps, the mean 
resistance, and the whole number of pump-strokes for each 100 
pounds of coal consumed, without deduction for ashes and residue, 
was 104,357,654 foot-pounds. 

A weir measurement, made Aug. 28, 1878, revealed a loss of 
action of 4.12 per cent, which was subsequently much reduced by a 
change of valves. 

The other test, of 24 consecutive hours* duration, begun Oct. 3, 
1878, at 9 o'clock a.m., gave a duty, calculated on the capacity, 
mean resistance, and number of strokes of the pump, of 133,522,060 
foot-pounds for each 100 pounds of coal burned while pumping, 
without deduction for ashes or residue. In this test, all three boilers 
were used. 

These results, which I see ng reason to question, are the more 
remarkable when the small size of the engine, and its low speed, are 
taken into consideration. The space swept through by the piston at 
each revolution, or double stroke, is, for the high-pressure cylinder, 
only 6 cubic feet, — for both cylinders, only 30 cubic feet ; and at the 
normal speed, 52 revolutions per minute (the actual speed at the 
tests was 51.8), the velocity of the piston was only 260 feet per 
minute. 

Sets of diagi-ams from these cylinders show close conformity to 
normal action of the highly expanded steam. 

Confirmation of the accuracy of the results above given is to be 
found in the lourth annual report of the water commissioners and 
superintendent of water-works of the town of Pawtucket, dated 
Feb. 1, 1884. A table is there given in detail of the performance 
of this engine for each of the twelve months ending Dec. 31, 1883, 
of which the sums and means for the year are subjoined. 

Number of days when pumping was done, per month, 23.1 , , 277.2 

Total number of hours' pumping 3,852 h., 49 m. 

Hours and minutes per month . . . * 321 h., 4 m. 

Hours and minutes per day 13 h., 54 m. 

Total number of revolutions 10,698,618 

Revolutions per month 891,551 

Revolutions per day ^ 38,623 

Revolutions per minute 46.81 

Coal consumed : pounds, starting fires 181,800 

Banking fires 72,300 

Starting and banking fires 254,100 

Warming engine-bouse . •* v 18,941 
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Consumed when not pumping 273)041 

Consumed in pumping , 660,865 

ToUl coal consumed 933,906 

Total number of gallons pumped in 12 months 441,061,225 

Mean head in feet against the pump, no allowance for fiictions 

in suction 264.19 

Mean duty in pounds of water raised 1 foot per 100 pounds of 

coal used for all purposes, no deduction for ashes and residue, 106,203,760 
Mean duty in pounds of water raised 1 foot per 100 pounds of 

coal used for all purposes except warming, no deduction for 

ashes and residue 108,402,320 

HORIZONTAL COMPOUND ENGINE. 

In the Nourse Mill of the Social Manufacturing Company, Woon- 
socket, R.I. 

This engine, designed by Mr. George H. Corliss, and built by the 
Corliss Steam Engine Company under a guaranty to run a year with 
a consumption of no more than 1.75 pounds of coal per horse-power 
and per hour, — all the coal fired during the year for supplying this 
engine with steam being divided by the mean indicated horse-power 
and by the number of hours' run of the engine, — is a fine example 
of its class. 

It is a tandem, receiver, double engine, combining the effort of 
the two pair of pistons upon a single fly-wheel shaft wii^h ci*anks set 
"quartering." The cylinder diameters are respectively 20 and 36 
inches. The length of stroke common to both is 6 feet, and there 
is a space of about 4 feet between the end-casings of the two c} lin- 
dei-s, to give access to the low-pressure piston. 

The connecting-rod is 18 feet in length, so that the entire engine, 
from the centre of crank-shaft to the outer end of the high-pressure 
cylinder, occupies a length of about 42 feet. The fly-wheel is 30 
feet in diameter, and has a rim 110 inches wide with four belt- faces. 
The weight of the fly-wheel, crank-shaft, cranks, and eccentrics, is 
about 54.5 tons, say 120,000 pounds. 

The normal speed is 57 revolutions per minute ; so that the velocity 
of the pistons is 684 feet per minute, and that of the belt 92 feet 
more than a mile per minute. 

The weight of the reciprocating parts is 7,711 pounds, and at 
normal speed their momentum is equal to 19.38 pounds pressure per 
square inch on the area of both pistons. 

The normal boiler-pressure is 110 pounds per square inch above 
the atmosphere ; and about 8 pounds pressure above atmosphere is 
carried in the receiver. 
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Both cylinders are steam-jacketed all around their sides and ends, 
— the high-pressure cylinder directly from the boiler, the low-press- 
ure from the receiver; and in both, steam is admitted by the induc- 
tion-valves to the cylinders from the jackets. 

The cylinders are supported by hollow legs at each end, which 
mask the descending exhaust-pipes. Each cylinder has a projecting 
zone around it in the middle of its length, about 14 inches, length- 
wise of the cylinder, projecting about 7.5 inches all around beyond 
the jacket-casing, which senses the double purpose of providing for 
unequal expansion, and of taking in steam and drawing out water 
conveniently. 

Steam from the boilera is admitted to the jacket of the high- 
pressure cylinder at the top ; and water formed by the condensation 
of steam in this jacket is drawn out at the bottom, and pumped 
directly back to the boilers. 

It is obvious, from the construction and setting of the boilers 
(hereafter described), that the steam, even on entering the jacket, 
may be to some extent superheated : but a considerable quantity 
must be condensed in this jacket ; since the expansion in this cylin- 
der is about 5-fold, and the mean internal temperature necessarily 
considerably below that of initial steam. 

T^e exhaust-pipes from the high-pressure cylinder, with a pipe 
about 12 inches in diameter which receives the steam from these 
pipes, and conducts it to the middle of the length of the low-pressure 
cylinder, where it enters the jacket, of this cylinder at the bottom, 
and this jacket itself, constitute the receiver, in which the pressure 
varies but slightly. 

The expansion in the low-pressure C3*linder is almost 4-fold, so 
that the whole expansion in both cylinders is 18 to 20 fold. Steam 
for warming the mill, for water-pots in the weaving-room, and for 
all other purposes except for the slashers (for which steam is taken 
directly from the boilers) , is drawn from the receiver, so that less 
steam enters the second cylinder than is discharged from the first : 
as it is, however, the effective power developed in the two cylinders 
is very nearly equal. 

The drainage from the receiver, which, it will be remembered, 
includes the water formed b}' condensation in the jacket of the low- 
pressure cylinder, is pumped through a set of tubular heaters at the 
top of the descending flues from the boilers, where the escaping 
gases are hottest; and returns to the receiver as steam, probably 
considerably superheated. 

Similar tubular heaters, located immediately under those last 
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mentioned, receive the feed-water on its way to the boilers, and raise 
its temperature, probably to that corresponding to boiler-pressure. 
Feed-water is supplied in part by draini^e from the mill, and, for the 
rest, from the hot-well. 

At present, one engine only is in place, and that is exerting only 
about 400 indicated horse-power (four-fifths of its normal load) ; but 
the demand for power is gradually increasing, as new machinery is 
started. Of the nine boilers ultimately to be erected, — eight for 
regular use, and one to be held in reserve, — only four are now set up. 
These are vertical, 64 inches in diameter, and 14 feet in height. 

The hot gases of combustion fill a space around the shell of the 
boiler, between it and the brickwork, for a height of 5 feet, but with- 
out direct outlet. They pass off through 84 flues, 3 inches in exter- 
nal diameter and 14 feet long, into a smoke-box on top of the boiler, 
whence they flow rearward to, and downward through, first the 
re-heater for the drainage of the receiver, then the feed-water heater, 
and finally down through a vertical brick flue to a horizontal flue 
underground, and so off to the chimney. 

The brick- work around the cylindrical shell of the boiler is incased 
in plate-iron for a height of 10 feet 6 inches from the floor, and by 
a cast-iron cornice for another foot, which cuts oflf infiltration of air ; 
and the shell of the boiler above the cornice is plastered with some 
heat-intercepting material. 

The fire-grates, 76 inches in diameter, have an area, in the aggre- 
gate, for the four boilers, of 126 square feet ; and at the rate of 1.75 
pounds of coal per indicated horse-power per hour, to supply steam 
for 500 horse-power will require a rate of combustion equal to 7.0 
pounds per square foot of fire-grate area and per hour. 

The ratio of water-heating surface to fire-grate area is about 24 
to 1 ; that of steam-heating surface to fire-grate area, about 9.3 tol ; 
and the total, about 33.3 to 1 : but the relative proportions of water 
and steam-heating surface will depend on the height at which water 
is carried. The gases evidently go to the re-heaters very hot, and 
may not be very effectually cooled on passing to the chimney. 

A set of diagrams was taken from this engine by the writer, May 
22, 1884 ; and a set taken April 9, by Mr. John T. Henthorne of the 
Corliss Steam-Engine Company, has since been furnished by him. 
When the first set was taken, no steam was diverted at the receiver 
from the low-pressure cylinder. A little was so diverted when the 
second set was taken, May 22. 
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TABLE 

OF THE QUANTITY OF STEAM FOUND AT VARIOUS PARTS OF STROKE IN 
TWO SETS OF DIAGRAMS. 



Taken April 9, 1884, 

by J. T. Henthorne. 

Power : 304.32 indicated horee-power. 


Taken May 22, 1884, 

by J. C. Hoadley. 

Power : 395.00 indicated horse-power. 


Parts of Stroke. 


Pounds of 
Steam. 


Parts of Stroke. 


Pounds of 
Steam. 


Cut-off ... 0.150 
.59 
.74 
End .... 1.00 
End L. P. Cylinder. 


9.73 
11.22 
11.40 
11.47 
10.40 


Cut-off. . . 0.178 
.625 
.75 
End .... 1.00 
End L. P. Cylinder. 


9.97 
11.82 
11.35 

ii.a5 

10.57 



To the visible quantity must be added the quantity condensed by 
conversion of its heat of vapoiization into work, and the quantity 
condensed in tte jacket of the high-pressure cylinder ; and doubt- 
less an unknown quantity resulting from internal surface condensa- 
tion, which must make the total quantity about 16 to 16.5 pounds 
per horse-power per hour, quite within the reasonable duty of 1.75 
pounds of coal. 

A preliminary test of a week's run was made during the week 
ending April 12, 1884 ; from a report of which, issued b}' the Corliss 
Steam-Engine Company, the following abstract is taken. 

Fires were started on clean grates on Monday morning, April 7, 
1884. 

Wood used for kindling fires, 3,344 pounds; equivalent at 40 per cent 

to coal, pounds 1,337 

Coal used for starting fires, pounds 18,350 

Coal for running, pounds 27,722 

Total ^quantity of coal, and coal value of wood, pounds 47,409 

Running-time from opening to closing screw-valve, hours .... 67 

Mean indicated horse-power from 364 cards (1 in 11 minutes) . . . 407.28 

Mean speed, revolutions per minute 56.62 

Of the 6,777 pounds of coal on Saturday, April 12, 3,330 pounds 
weight was picked out of the cinders from the previous days. Omit- 
ting the wood, the coal used was a little less than 1.69 pounds per 
horse-power per hour. 



Digitized by 



Google 



S08 



SECTION D. 



SUMMAKY. 



Dati. 



1884. 

Monday, April 7 . . 
Tuesday, April 8 . . 
Wednesday, April 9 . 
Thursday, April 10 . 
Friday, April 11 . . 
Saturday, April 12 . 
Sums and means 



Coal 
Baraed. 



ItM. 

9,178 
8,451 
7,540 
8,055 
7,408 
6,777 



47,409 



Coal per 
Hour. 



ItM. 

798.86 
734.78 
655.65 
700.43 
644.17 
713.36 



707.59 



Indicated 
Horse- 
power. 



421.9 
427.0 
413.6 
415.9 
387.5 
365.1 



407.28 



Coal per 
Hour per 
indicated 
Horse- 
power. 



95 



1.73 



\ 



During the foregoing test, steam for all other purposes was 
supplied by another boiler. 

gaskill's horizontal compound pcmping-engine. 

One of these engines, erected by the Holly Manufacturing Com- 
pany of Lockport, N.Y., at Saratoga, in the same State, was tested 
in May, 1883, by Mr. Charles T. Porter, with the aid of eight 
assistants from the graduating-class of the School of Mines of 
Columbia College, New York. After a day spent in preliminary 
internal inspection and measurement of the engines and pumps, 
and six days in arrangement and preparation and in study of the 
machinery in operation, a series of tests was made by a continuous 
run of 87 hours, divided into three parts : first, a test for duty, of 
68 hours' duration (of which, for satisfactory reasons, only 60 
hours were taken into the account in the end) , with ordinary speed 
(about 19 revolutions per minute) and usual water-pressure (about 
87.7 pounds per square inch in the main) ; second, at '' fire-press- 
ure," with about 14.3 revolutions per minute, and a mean pressure 
in the main of 135.36 pounds per square inch (equal to 312 feet 
head of water), a test of 5 hours' duration, chiefiy for capacity; 
and, third, a run of 14 hours with one pump only, to test the prac- 
ticability of so using it. 
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DESCRIPTION OF THE ENGINE. 

In its physiological characteristics this engine resembles the 
Leavitt pumping-engines at Lynn and Lawrence. Automatically, it 
suggests Mr. Corliss's at Pawtucket ; but in details of organization 
it differs widely from both. 

It is a double Wolf engine, having the high-pressure cylinder 
on top of the low-pressure cylinder, with short straight passages 
between them. 

The motion of the pistons is controlled and reversed by a short 
upright beam ; and the two pairs of pistons are synchronized by a 
crank-shaft with cranks at right angles, and a light fly- wheel. run- 
ning inH)oxes placed on top of the valve-chambers of the pumps in 
the middle of their length. 

Connecting-rods extend from the crank-pins to the upper ends 
of the beams, and front-links connect the upper ends of the beams 
with the cross-heads of the high-pressure cylinders. The pump- 
plungers are in line.with the low-pressure cylinders, and are packed 
by glands in the middle of the pump- chamber. 

The cylinders are respectively 21 and 42 inches in diameter, and 
the pump-plunger 20 inches ; and the stroke of all is 3 feet. 

The pump-valves are on horizontal plates above and below the 
line of travel of the plungers, — 7 rows of 24 valves in each row 
on each of the four plates, — 672 valves in all. The steam ad- 
mission-valves are of the double-beat poppet variety, worked through 
lifting-levers by eccentrics on a shaft driven by mitre-gears from the 
crank-shaft, and set to give constant lead, and to close at any desired 
point in the stroke. 

The exhaust-valves of the first cylinder act as admission-valves 
of the second, and are, like the exhaust- valves of this cylinder, flat 
slides moved by eccentrics. 

The low-pressure cylinder takes steam almost its entire stroke, 
and there is only very slight compression in either cylinder. 

Steam is furnished by two cylindrical tubular boilers, 66 inches 
in diameter and 18 feet long, with 87 tubes 3 inches in diameter. 

The fire-grate area in both boilers is 51 square feet, and the 
water-heating surface 2,771 square feet. The natural draught was 
poor, but was aided by an improvised air-injector operated by a 
steam-jet from a nozzle J inch in diameter. The boiler perform- 
ance was fairly good ; the eflficiency during the duty test, when com- 
bustion was at the rate of 6.9 pounds of coal per square foot of 
grate per hour, being equal to the vaporization of 10.916 pounds of 
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water at 212® Fah., under mean atmospheric pressure, besides the 
quantity condensed In the steam-jackets covering both sides and 
ends of both cylinders, — not less than 10 per cent of the quantity 
passing through the cylinders ; making the total evaporation at least 
12 pounds, equal to 11,588 British thermal units. 

But the coal was hand-picked, and had but 4.73 per cent of 
ashes and cinders, so that the evaporation was exactly equal to 
10,000 B. t. u. per pound of commercial anthracite with ^ refuse. 

The duty, without any addition for frictions of the water in 
suction-pipes and pumps, was, in foot-pounds per 100 pounds of 
coal buraed while pumping, without deduction for ashes and residue, 
102,340,000, equal to 1.94 pounds of coal per dynamometric horse- 
power per hour. 

A computation of the indicated horse-power, and of the weight 
of steam per indicated horse-power per hour, was made from 8 sets 
of diagrams taken at intervals of 6 hours, and gave, after certain 
corrections, 185.75 indicated horse-power, and 1.9 pounds of coal 
per indicated horse-power per hour. 

This would make the sum of all the resistances which make up 
the difference between indicated and effective power only 2.14 per 
cent, which is certainly too small. 

In the Leavitt engine at Lawrence, when tested by Mr. R. H. 
Buel in 1878, the sum of mean effective pressure on both steam- 
pistons, reduced to its equivalent on an area equal to that of the 
pump-piston, was 83.69 pounds per square inch ; and the coincident 
water pressure in the main, against the pump-piston, was 76.7 pounds 
per square inch; and, taking the ratio of these numbers, we have 
76.7 -5- 83.69 = 0.9164, giving as the sum of all the resistances, 
aside from the h3'draulic resistance of the water, 1.0000 — 0.9164 
= 0.0836 = 8.36 percent. 

It seems probable that the con-esponding resistances in the Gaskill 
engine were no less ; that is, that they were about 6:22 per cent more 
than Mr. Porter found them. But this only shows, that, in conse- 
quence of the variable load, the selected diagrams did not give a true 
mean of the indicated horse-power during the whole period of time 
covered by the record of dynamic effect. 

The separate sets of selected diagrams differ from the mean of all 
— two of them in excess ; in one case, 17.5 per cent, and six of them 
less than the mean ; in one case, 7.1 ; and in another, 6.5 per cent. 

Without a complete set of diagrams exactly synchronous with the 
record of dynamic effect, there is an element of uncertainty in this 
mode of determining the frictional resistances, much greater than 
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exists in the case of engines pumping into a reservoir against an 
bydraulie head nearly constant. The quantity of feed-water supplied 
to the boilers, per indicated horse-power, per hour, was, for the entire 
engine, 17.5 pounds, to which must be added the quantity condensed 
in the jackets, about 10 per cent, making the total 19.25 pounds, 
which agrees very well with the coal consumption. 

Refen'ed to the work done in the high-pressure cylinders alone, 
the feed-water was 30 pounds per indicated horse-power, per hour, 
besides jacket-condensation. 

CORLISS ENGINE AT THE PETTACONSET PUMPING-STATION, PROVIDENCE, 

R.I. 

In this case, Mr. Corliss erected upon ground, " as nature made 
it," a complete pumping-station, — engines, boilers, and pumps, with 
suitable brick buildings, including their foundations, pump-well and 
conduit, and every instrument and appliance ready for continuous 
use, with guaranty of 9,000,000 gallons capacit}' in 24 hours, and 
100,000,000 foot-pounds duty for each 100 pounds of coal ; all for a 
round and moderate sum. 

Tlie site presented difficulties, in an extensive bed of quicksand ; 
difficulties overcome by ramming cobble-stones and shingle into the 
quicksand until the latter lost its mobility, and the commingled 
mass became as solid as hard-pan, — an expedient coming within the 
domain of the civil engineer. 

The engine is a vertical, double-beam, receiver engine, with a 
single air-pump, jet-condenser, crank-shaft, and fly-wheel, and four 
single-acting plunger-pumps. 

The cylinders are respectively 18 and 36 inches in diameter, and 
have a stroke of 6 feet. The pump-plungers are 19 inches in diam- 
eter, with 3 feet stroke; and each pump-chamber has 92 valves for 
inlet, and the same number for delivery, each set having an aggregate 
area much larger than the area of a cross-section of the plunger. 

Weir measurements made near the pumping-station, and repeated 
at the reservoir 5,000 feet distant, revealed a loss of action, or 
" slip," of the pumps, of a very little less than 1 per cent of their 
computed capacity. 

The speed is adjustable by hand ; and when set at any number of 
revolutions per minute, between 20 and 50, the normal speed is main- 
tained by the automatic action of the governor. 

At a speed of 36 revolutions per minute, the quantity of water 
actually delivered into the reservoir, in 24 hours, is 9,066,483 Win- 
chester gallons ; at 50 revolutions, 12,579,618 gallons. 
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The valves and valve-gear are of Mr. Corliss's well-known type, 
and of construction similar to that shown in the "Centennial" 
engine. Steam is carried at the normal pressure of 125 pounds above 
atmosphere, and is admitted at full pressure to the jacket of the high- 
pressure cylinder, which covers both ends and sides, whence steam is 
admitted by the valves to the cylinder, and water is drained off and 
returned to the boilers. 

The jacket of the low-pressure cylinder — ends and sides — forms 
pai-t of the receiver; and water from the receiver is drained off, 
pumped through a tubular heater in the boiler flues, and returned to 
the receiver as superheated steam. Feed-water is taken from the 
hot-well, and pumped first through a heater in the passage from the 
low-pressure cylinder to the condenser, which raises its temperature 
about 30° Fah., and then to a second heater in the flue, directly 
beneath the re-heater for drainage from the receiver, where it is 
heated up to about the temperature of the water in the boiler. The 
pressure in the receiver is about 8.5 pounds per square inch above 
atmosphere, and, in the condenser, about 12.5 pounds below. 

The plant comprises 4 upright boilers, 64 inches in diameter and 
14 feet long, with 84 flues each, 3 inches in external diameter ; but 
only 3 are used, even when the engine is running at 50 revolutions 
per minute. 

The aggregate fire-grate area in use is 94.5 square feet ; and the 
rate of combustion is 5.5 pounds per hour, on each square foot of 
fire-grate area, at the usual speed of 36 revolutions per minute, and 
7.62 pounds at the maximum speed of 50 revolutions. 

A trial of this engine, on behalf of the city of Providence, was 
made during the week beginning Monday morning. May 22, 1882, 
and ending Saturday evening, May 27, 1882, by Mr. Samuel M. 
Gray, city engineer, with adequate assistance. Fires were started 
under the three boilers, which had cooled down from the Saturday 
before, at 6.50 a.m. on Monday ; and 450 pounds of wood were used 
for kindling, called equal to 180 pounds of coaJ. 

The pumps ran from 12 h. 8 m. to 12 h. 40 m. each day, 74 h. 
45 m. during the 6 days, and, on an average, 12 h. 27 m. 30 s. each 
day. The fires were banked every night except Saturday, when 
they were suffered to run down as on the previous Saturday. 

The total quantity of coal (Cumberland, bituminous) thrown on 
the grates during the week was 36,336 pounds ; and, adding the coal 
equivalent of the kindling-wood (180 pounds) the fuel consumed 
was equal to 36,516 pounds of coal. No deduction was made for 
ashes and clinkers, which was equal to 9.1 per cent of the fuel. 
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During the trial, the engine pumped 28,360,162 gallons of water, 
at the rate of 9,105,604 gallons in 24 hours, against a mean total 
head — including suetipn, but without allowance for friction or 
resistance in suction-pipe and pump — of 174.99 feet; and, the 
weight of the gallon being taken at 8.3345 pounds, the duty in foot- 
pounds, for each 100 pounds of coal, was 113,271,000. 

Computed on the coal used in running, exclusive of kindling and 
banking fires, the duty per 100 pounds of coal wais 138,035,000 
foot-pounds. 

The report for the j^ear 1883 is as follows : — 

Total number of hours run 8,952.09 

Number of days on which the engine ran 290 

Mean number of hours nm per day 13.63 

Gallons pumped, total 1,489,735,931 

Gallons pumped, daily mean 5,137,020 

Gallons pumped, hourly mean 376,949 

Coal consumed, pounds 2,063,539 

Coal equivalent of wood used, ^ of 40,789 pounds .... 13,600 

Total coal equivalent of fuel used for all purposes .... 2,077,139 

Ratio of ashes and clinkers to the total fuel, per cent . . . 15.5 

Total number of revolutions 8,518,131 

Mean ^ead of water, feet 177.45 

Number of cubic feet of water delivered into reservoir, per 

revolution 23.38 

Mean weight of 1 cubic foot, pounds . 62.331 

8,518,131 X 177.45 X 23.38 X 62.331 X 100 

Duty, = 2 077 139 ~ ' • 106,048,000 

If the proportion of ashes and clinkers had been no more during 
the year than during the trial of a week, the duty would have been 
greater in the proportion of 0.909 to 0.845, and would have exceeded 
114,000,000. 

STEAM-ENGINES OP MEDIUM SIZE AND MODERATELY HIGH SPEED. 

We come now to the consideration of a group of engines, for the 
most part manufactured in advance of orders, and bought for various 
purposes, according to the judgment of the purchaser, with or without 
expert advice. 

Among the manufacturers of steam-engines thus loosely grouped 
together, it is eminently proper to name Mr. George H. Corliss first ; 
for although others, not a few, now rival him in certain special 
qualities, some do this by avowed appropriation of his inventions, no 
longer protected by patents ; while all, no less in the United States 
than elsewhere throughout the world, are indebted to principles of 
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which he was among the first to discover the transcendent im})ortance, 
and to mechanical combinations, or their equivalents, which he was 
the first to invent. 

It must be unnecessary to attempt, in this place, any description 
of the characteristic features of* the Corliss engine. II a fait le tour 
du monde. His releasing valve-gear has been criticised by Professor 
Releaux and by others, as mechanically imperfect ; but these criti- 
cisms seem not to be well-founded. 

No one, it is presumed, objects to intermittent motion in the 
escapement of a watch, or in the lock of a gun, nor yet in the trip- 
ping mechanism of a pile-driver. The advantages of this motion 
in closing a steam- valve at cut-off are so weighty, and the incon- 
veniences of it, if indeed real, are so slight, that it may well be con- 
sidered practically perfect up to 70 or 80 revolutions per minute. 
For speeds much above these, it seems to be ill-adapted. 

The wrist-plate, giving a rapid motion to the valves in opening 
and in closing, and a period of comparative rest at the extremities 
of its throw, attains, by means mechanically unobjectionable, all 
that has been sought in vain from impracticable cams. 

The valve itself, a cylindrical slide, has established its durability 
and its tightness by the experience of a generation of men. 

Mr. Corliss, as the head and front of the Corliss Steam-engine 
Company, stands toward the public in a twofold relation : first, as 
an engineer, prepared to design and construct steam-engines for 
special service ; aud, second, as a manufacturer of steam-engines 
for sale, to be used for various purposes, without special adaptation 
to any. In the first relation, he nicely adapts all the parts of his 
mechanism to the attainment of the end in view ; and such engines 
as we have considered are examples of the result. 

In the latter relation, the result will depend on the judgment and 
skill of the purchaser when he is his own engineer, and on the skill 
of his engineer when he employs one. Engines too large or too 
small for their load, supplied with water-clogged steam from ill- 
arranged or inadequate boilers, or run at unsuitable speeds, or with 
leaky pistons and mal-adjusted valves, will give no satisfactorj- 
results, although manufactured b}' Mr. Corliss. 

These remarks are general, aud are applicable to all competent 
steam-engine manufacturers, with a degree of force proportioned to 
the real excellence of their respective engines under most favorable 
conditions. 

A Corliss engine at the Lancaster Mills, Clinton, Worcester 
County, Mass., was tested in February, 1884, under the direct super- 
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vision of Mr. George W. Weeks, agent of the mills, a member of 
the American Society of Mechanical Engineers, well known to the 
writer, who vouches for .his candor and intelligence. 

This is what is usually called a " double engine," that is, a pair 
of engines, right and left hand, with a fly-wheel and shaft in com- 
mon, and cranks set at right angles. The dimensions are : diameter 
of cylinders, 26 inches ; length of stroke, 5 feet ; fly-wheel, 30 feet in 
diameter, 6 feet belt-face ; air-pump, 34 inches in diameter, 12 inches 
stroke. 

The cylinders are not steam- jacketed. Steam is supplied by five 
retuni-tubular, externally fired horizontal boilers, 60 inches in diam- 
eter outside of the smaller courses, with 76 flues, 3.25 inches outside 
diameter, and 19 feet 8 inches long ; set with overhanging smoke- 
box, the front flue-sheets being about in the plane of the arch-fronts. 

Heating-surface 1345 X 5 = 6725 square feet 

Fire-grate area 28.5 X 5 = 142.5 square feet 

Ratio of heating-surface to fire-grate area 47 to 1 

Steam-pressure in boiler, in pounds per square inch above atmosphere, 87. 

Vacuum, in pounds per square inch below atmosphere 13.02 

Mean speed of engine in revolutions per minute 52.71 

Mean piston-speed, feet per minute 527.1 

Clearance, in terms of volume swept through by the piston 0239 

The test was continued four days, and sets of diagrams were 
taken six times each day, three times in the forenoon and three in 
the afternoon. The first set was taken soon after starting the engine, 
at 6.50 to 6.58 a.m. 

The second set was taken between 8.06 and 9.34 a.m. ; the third, 
between 9.48 and 11.12 ; the fourth, between 2.02 and 3.06 p.m. ; the 
fifth, between 2.48 and 3.44 ; and the sixth, between 4.03 and 4.48. 

The least power observed was 641.90 horse-power, the greatest 
703.35, a range of only about 9 per cent. The means for the respec- 
tive days were : — 

Horse-power. 

First day 684.13 

Second day 666.92 

Third day 663.51 

Fourth day . 669.09 

Mean of all 670.91 

There were burned under the boilers from 6 o'clock of the even- 
ing preceding the first day of the test, to 6 o'clock p.m. of the last 
day, when the test ended, 57,000 pounds of coal, which yielded 4,600 
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pounds of dry ashes and refuse, leaving 52,400 pounds of com- 
bustible. 

Uatio of ash to coal, 8.07 per cent. The houi-s run were 11 
hours each day, 44 in all. 

Coal per houff pounds I,2d5.45 

Toal i)er hour, ami per indicated horse-power, pounds 1.9:] 

Conibustil)le per hour, pounds 1,190.91 

Combustible per hour, and per indicated horse-power, pounds • . . 1.77 

A test of the evaporative efficiency of the boilers and coal, not 
simultaneous with the engine-test, but some time before, gave an 
actual evai^oration of 10.58 pounds of water per ix>und .of coal 
burned ; or, corrected, by estimate, for water blown off during the 
day, and water pumped in at night, 10.07 pounds. 

Computed fh)m the indicator-cards, the quantity of water ** visi- 
ble '* as steam was equal to 8.67 pounds for each pound of coal 
burned during the test, which would indicate the presence of 13.9 
l)er cent of the feed-water in the liquid foi-m in the cylinder. 

The number of diagrams taken may be thought too few to give 
assurance of the true mean of the ix)wer during the 44-hours' run ; 
but if the smallest mean be taken, that for the third day (663.51 
indicated horse-power) , the coal consumption per hour and per indi- 
cated horse-power becomes 1.95 pounds, against 1.89 pounds if the 
largest mean-power, that for the first day (684.13 indicated horse- 
l)ower), be taken. 

Again, if we take the smallest ix)wer observed during the four 
days, at 4.03 to 4.05 p.m. of the second day, 641.90 indicated horse- 
ix)wer, and compare the result with that obtained by using the largest 
observed power, at 9.31 to 9.34 a.m. of the first day, 703.35, we 
have respectively 2.02 and 1.84 pounds per indicated horse-power 
and per hour, each differing from the mean, 1.93, only 4.5 per cent. 

Upon the basis of 10 pounds of water evaporated under actual 
conditions, for each pound of coal burned, we have 19.3 pounds of 
feed-water per indicated horse-power and per hour ; and by the indi- 
cator cards, 16.73 pounds ; so that, of the feed-water supplied to the 
boilers, 86.7 per cent was accounted for by the indicators, and 13.3 
per cent was present as liquid water. (Published in " Cotton, Wool, 
and Iron," Boston, Mass., Feb. 9-16, 1884.) 

During the year ending April 26, 1884, the coal burned in the 
furnaces of these boilers, supplying steam for all purposes, including 
3,070 hours actual running-time of this engine, at 670 indicated horse- 
power, as computed from numerous indicator diagrams, amounted to 
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1,967 tons, equal to 4,406,080 pounds, which gives 2.14 pounds of 
coal consumed in the mill, for all purposes, for each indicated horse- 
power exerted one hour. 

It may be thought that too much space has been given to tlvs 
test ; but it is so good an example of valuable work within the reach 
of nearly all users of steam-engines, that it has been thought well to 
bring it to notice in this manner. 

The Putnam Machine Company ^ Fitchbui^, Mass., were among 
the earlier manufacturers of an excellent class of automatic cut-off, 
horizontal engines, of medium speed and moderate power. 

Being well described in Tolhausen's Uhland, it will be unneces- 
sary to describe them here. By the use of double-seated poppet- 
valves and an ingenious combination of cams and levers, the cut-off 
is controlled by the governor, and an excellent distribution of steam 
is effected, with satisfactory uniformit}' of speed. 

The writer has occasionally tested an engine of this construction, 
12-inch cylinder, 30-inch stroke, during a period of 17 years, and 
always found it tight, and in perfect order, almost without repairs. 

This valve-gear is not well adapted to speeds higher than 90 or 
100 revolutions per minute. 

Charles H, Broion & Go,^ also of Fitchburg, by means of gridiron 
slide valves, actuated by cams and levers, and detaching mechanism 
controlled by the governor, obtain very prompt and full admission, 
almost instantaneous cut-off, and free release, and produce indicator 
diagrams almost ideally perfect. 

In point of mechanical execution and finish, the Brown engines 
are singularly beautiful, and in all the higher qualities of design and 
proportion they are excellent. This engine, also, is described in 
Tolhausen's Uhland. 

The Fitchhurg Steam-engine Company^ also of Fitchburg, Mass., 
a newer enterprise, is now making an automatic cut-off engine of 
much higher order than the small vertical engines described in Tol- 
hausen's Uhland. 

They make a peculiar form of centrifugal governor placed on the 
crank-shaft ; a kind of governor which has gained great favor within 
the last ten years, and assumed a multitude of forms. We shall 
again have occasion to speak of this governor. 

In the form under notice, which is excellent, the eccentric is 
guided in its transverse motion across the shaft, by means of a soi-t 
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of parallel motion, consisting of two levers connected with ears on 
opposite sides of the eccentric-block, describing equal arcs in oppo- 
site directions ; thus avoiding the guides used in some other forms, 
while preserving constant lead of valve. Weights attached to these 
levers exactly counterbalance the weight of the eccentric and its 
strap, and, in vertical engines, the weight of the valve-rod and con- 
nections also, in all positions, leaving the eccentric neutral under all 
the impulses of the governing mechanism. This consists of weights 
on arms pivoted to opposite sides of an incasing pulley, connected 
by rods to the balancing-arms already mentioned, acting centrifiigally 
with a force proportioned to the rapidity of revolution, opposed by 
springs which act centripetally with a force proportioned to the com- 
pression produced by the revolving-weights. 

These forces being properly adjusted, so as to be in equilibrium at 
normal speed, this speed will be maintained so long as the load and 
the mean effective pressure of steam in the cylinder remain relatively 
unaltered. 

Any increase of load, with steam-pressure constant, will cause a 
corresponding diminution of velocity, and therefore of centrifugal 
force in the weights, and give a preponderance to the springs acting 
centripetally, so as to turn the eccentric to delay the cut-off, and so 
to increase the mean effective pressure. On the other hand, any 
diminution of load will give preponderance to the centrifugal force 
of the weights, and turn the eccentric so as to hasten the cut-off, and 
reduce the mean effective pressure. 

When a single piston-valve is used, release and exhaust-closure are 
affected in flie same sense as cut-off : with early cut-off, there is early 
release and early closure of the exhaust ; and with later cut-off, both 
release and closure are retarded, as in a link-motion. 

The single valve is used only in the smaller engines, especially in 
vertical engines. In larger, horizontal engines, from 9-inch diameter 
and 24-inch stroke to 24-inch diameter and 48-inch stroke, two pis- 
ton-valves are used, both in one divided steam-chest at the side of 
the cylinder : the upper valve, double-ported, controlled by the gov- 
ernor, producing admission and cut-off; the lower, single-ported, 
moved by an ordinary- eccentric, controlling release and compression. 

Only moderate speeds are calculated on, — 75 revolutions per 
minute for 48-inch stroke, and 125 revolutions for 24-inch stroke, 
corresponding to 600 feet per minute piston- speed in the former case, 
and 500 feet in the latter. No scientific tests of these engines have 
been made ; but diagrams taken from them are excellent, and they 
bear a good reputation. 
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William A. Harris, Providence, R.I., has long manufactured a 
class of steam-engines, which, under the name of Harris-Corliss 
engines, frankly recognize their indebtedness to Mr. George H. Cor- 
liss, but with sufficient modification of detail to justify the qualifying 
prefix of Mr. Han-is's name. 

A particular description of the modifications introduced by Mr. 
Harris, such as his self -packing valve-stems, his peculiar form of 
releasing tappets, and his rather larger pins and connections in the 
valve-gear, hardly falls within the scope of this paper, and will be 
found in Tolhausen's Uhland. These engines are largely used. 
Indeed, Mr. Harris enjoys the honorable distinction of having been 
one of the very few who recognized the merits of the Corliss engine 
and the rights of Mr. Corliss, and took a license from him to build 
his engine before the expiration of his patents. An account of a 
competitive test of one of these engines is given below. 

The Reynolds-Corliss Engine, built by E. P. Allis & Co., Mil- 
waukee, is in nearly all essential respects a Corliss engine, — with 
certain modifications of detail, more or less important, — which has 
obtained a wide reputation, and made an excellent record. It is 
described in Tolhausen's Uhland, and its peculiarities cannot be 
dwelt on here. An account of a trial of one of these engines, in 
competition with one of each of the preceding and following engines, 
will be found below. 

Jerome Wheelock, Worcester, Mass., makes an engine which is, 
in all its most important features, a Corliss engine, yet more exten- 
sively modified. The valves, no longer cylindrical segments, as in 
the Corliss, the Harris-Corliss, and Reynolds-Corliss engines, are 
segments of conic frustums, provided with steel collars, serving as 
*' steps," to adjust them endwise in their seats. 

All four of the valves are placed below the cylinder, which is 
horizontal, the cut-off valves being placed directly back of the steam- 
distributing valve, so that the cylinder has but two ports, correspond- 
ing in position to the exhaust-ports of the Corliss engine. Exhaust 
takes place through a " cup *' in the steam-distribution valve. 

This engine is also described in Tolhausen's Uhland. Three 
engines of the three last preceding styles — Harris-Corliss, Rey- 
nolds-Corliss, and Wheelock — were elaborately tested by Mr. 
John W. Hill at the Millers' International Exhibition, Cincinnati, 
O., in June, 1880. 

A table of the leading dimensions of these three engines is 
subjoined. 
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SECTION 1^. 



TABLE OF DIMEXSIOXS. 





UnlU. 


Harris. 
CorliM. 


Reynoldii- 
CorliM. 


Wheclock. 


Diameter of cylinder .... 


inches, 


18.03 


18.02 


18.26 


Diameter of piston-rod . . . 


inches, 


2.68 


2.81 


2.94 


Diameter of steam-pipe . . . 


inches. 


6 


6 


7 


Diameter of exhaust-pipe . . 


inches, 


8 


7 


8 


Diameter of fly-wheel . . . 


feet. 


16 


16 


16 


Diameter of air-pump cylinder, 


inches, 


9.81 


17 




Diameter of injection-pipe . . 


inches. 


2 


2 


2 


Diameter of overflow-pipe . . 


inches. 


6 


7 


3.5 


Stroke of piston 


inches. 


48 


48 


48 


Stroke of air-pump .... 


inches. 


12 


12 




Area of steam-piston .... 


sq. inches. 


255,3172 


255.aS54 


261.8726 


Area of cross-sec. of piston-rod, 


sq. inches. 


5.641 


6.2125 


6.7771 


Area of each steam-port . . 


sq. inches. 


13.5 


15.75 


30 


Area of each exliaust-port . . 


sq. inches. 


24.75 


27 


30 


Width of fly-wheel face . . . 


inches, 


25 


25 


25 


Weight of fly-wheel .... 


pounds, 


11,950 


14,694 


12,000 


Total weight of engine . . . 


pounds, 


29,950 


36,874 


21,000 


Clearance in terms of stroke . 




.0193 


.0265 


i .0142 
L02:55 











CONDENSED SUMMARY OF RESULTS. 

C0XDEX8ING. 



UniU. 



Hanis- 
Corlisa. 



Reynolds- 
Corliss. 



Wheelock. 



Duration of trial . . . 
Boiler-pressure, mean . 
Atmosphere by barometer 
Vacuum, mean .... 
Revolutions per minute . 
Initial pressiu*e .... 
Cut-off in terms of stroke 
Pressure at cut-oflf . . . 
Terminal pressure, absolute 
Mean effective pressure . 
Ratio of expansion . . 
Theoretical cut-off . . . 
Indicated horse-power . 
Friction of engine, light 
Other frictions, and air-pump 
Net effective power . . . 



hours, 

lbs. per sq. in. 



i. h. p., 
i. h. p.. 



10 

96.09 

14.52 

12.61 

75.83 

90.072 

.11867 
86.966 
14.568 
35.6722 
6.95 
.14386 
165.578 
9.573 
10.928 
145.077 



10 

95.83 

14.60 

12.50 

75.383 

91.09 

.12406 
86.329 
15.161 
35.4036 
6.67 
.14993 
162.995 
10.262 
9.538 
143.195 



10 

96.25 

14.45 

11.78 

74.472 

88.086 

.1:5084 
77.697 
14 044 
33.9396 
6.35 
.1.57.>] 
158.385 
7.814 
6.224 
143.946 
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CONDENSED SUMMARY 


OF RESULTS — Condensing (Concluded). 




Unite. 


Harris- 
Corliss. 


Reynolds- 
Corliss. 


Wheelock. 


Water per indicated horse- 
I)ower per hour 

Coal per indicated horse-power 
per hour 

Relative economy 

Steam, by diagrams .... 

Condensing water per pound of 
feed-water 


pounds, 
pounds, 
per cent, 
pound. 


19.364 

1.936 

.98848 
71.034 

32.53 


19.489 

1.949 
.99487 
72.199 

30.88 


19.265 

1.927 
1.00000 
71.449 

24.74 



The air-pump of the Han^s-Corliss engine was driven by the 
engine ; that of the Reynolds-Corliss, by a separate engine or 
steam-pump. The Wheelock engine had a Buckley siphon con- 
denser, requiring only sufficient power to lift the water to supply it. 



Non-Condensing. 



Unite. 


Harris- 


Reynolds- 


Corliss. 


CorUss. 


hours. 


10 


10 


lbs. per sq. in. 


96.32 


96.61 


<( 


14.515 


14.613 


hours, 


75.81 


75.33 


lbs. per sq. in. 


89.522 


89.994 




.13627 


.15956 


lbs. per sq. in. 


85.91 


84.757 


(( 


17.037 


17.413 


ti 


28,9397 


29.7508 




6.35 


5.42 




.15748 


.18461 


I. H. P., 


134.293 


137.017 


« 


9.561 


10.255 


« 


4.989 


5.070 


u 


119.743 


121.692 


pounds. 


22.054 


23.933 


pounds, 


2.205 


2.393 




1.0000 


.92146 


per cent, 


75.346 


72.8:^2 



Wheelock. 



Duration of trial .... 

Boiler-pressure 

Atmosphere by barometer . 

Revolutions per minute . . 

Initial pressure 

CutrK)ff in terms of stroke . 

Pressure at cut-off .... 

Terminal pressure, absolute 

Mean effective pressure . . 

Ratio of expansion . . . 

Theoretical cut-off . . . 

Indicated horse-power . . 

Friction of engine, light 

Other frictions, and air-pump 
of Harris-Corliss engine , 

Net effective power . . , 

Water per indicated horse- 
power per hour . . . , 

Coal per indicated hoi-se-powei 
per hour 

Relative economy .... 

Steam, by diagi-anis . . 



10 

96.32 

14.481 

76.072 

88.499 

.16966 
76.875 
17.460 
29.3632 
5.14 
.19448 
139.973 
7.982 

5.280 
126.711 

24.926 

2.493 

.88476 
75.726 
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It surely is not uninteresting to observe that engines designed 
and built by three independent manufacturers, not in concert, bat 
in rivalry, with variations of detail by no means inconsiderable, 
should have arrived at results so nearly identical that the differences 
hardly exceed the limits of probable error, even in this ezceptionallj 
skilful test, every line of which is so instructive that it has been 
dijQicult to condense it. So evenly matched were they, that tbe 
eminent and candid expert who conducted the tests professed him- 
self unable to awaitl the precedence to any one of them; and, 
although an award was finally made, the reasons for it were too 
slight to escape criticism. 

It is further noticeable, that, in the trials with condensation, the 
results are substantially identical with those obtained by Mr. Weeks 
with the double Corliss engine, 26 inches diameter of cylinder, 60-inch 
stroke, except, indeed, that in the latter case all the coal for kindling 
and banking fires was included. The gain by condensation appears 
to be: HaiTis-CorlisB, 12 percent; Reynolds-Corliss, 19 per cent; 
Wheelock, 23 i>er cent ; and the Corliss engine at Lancaster Mills, 
19 per cent. The mean for these four engines is 18 per cent. 

77i€ Buckeye Steam-engine Company^ Salem, Columbiana County, 
Ohio, have long manufactured an automatic cut-off engine, widely 
and favorably known for good qualities of design, construction, and 
operation. It is very well described in Tolhausen's '" Uhland," and 
in the reix>rt of the judges of Group XX. at the International Esbi- 
bition in Philadelphia in 1876. 

Engines altogether similar in design, with some formal differences, 
have for several yeare been manufactured by the Hartford Engineer- 
ing Comixiny^ Hartford, Conn., one of which was recently tested by 
the writer in conjunction with Mr. Geoi-geH. Barru8,at the mill of the 
Crompton Company, Kent County, R.I. 

This was a double engine, having cylinders 17 inches in diameter, 
and a stroke of 24 inches, with a fly-wheel and shaft in common, and 
cranks set at right angles. A Bulkley siphon condenser is arranged 
to use with it at will. Steam is supplied by three Corliss boilers, 
which also supply the mill with steam for all puri)oses ; but, during 
the tests, two ouly were used for the engine, the third being detached 
for the other uses of the mill. 

These boilers are of the Corliss "rolling-pin" type, having a 
vertical cylindrical shell 90 inches in diameter and 10 feet long, witli 
a '' water-leg " in the centre 31 inches in diameter and 4 feet 8 inches 
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long, standing on the floor of the boiler-house ; and a steam-dome 31 
inches in diameter and 6 feet long rising from the centre of the cylin- 
drical shell. In the annular space around the water-leg and steam- 
dome, there are 248 flues, 2 inches in outside diameter and 10 feet 
long, through which the gaseous products of combustion pass up to 
and around the steam-dome, and thence off to the chimney. 

The lower end of the water-gauge glass is 5 feet 4 inches above 
the lower tube-sheet, and its upper end is 3 feet 9 inches below the 
upper tube-sheet; which accounts for the superheating observed in 
the steam at the engine, 120 feet distant. 

The heating-surface in the two boilers is 2,804 square feet, and 
the fire-grate area 90 square feet ; so that the. ratio of the former to 
the latter is 31.16 to 1, counting together the water and steam-heat- 
ing surface. The ratio of water-heating surface alone to fire-grate 
area is 19.9 to 1. Steam was much superheated, and the escaping 
gases went off very hot, as was shown by the melting of a glass 
thermometer-tube in the flue. 

Neither the makers of the boilere nor of the engine were respon- 
sible for the boiler-setting, as the boilers were bought at secondhand, 
and set up by the mill-owners. The boiler performance is sub- 
joined : — 

PEBFOBMANCE OP THE BOILEB8. 



March 27. 
Condensing. 



March 28. 
Non-con- 
densing. 



Temperature of feed-water. . . 

Barometric pressure 

Boiler pressure above atmospheric 

Superheating 

Evaporation per pound of coal . 
Evaporation per pound of combustible . 
Equivalent evaporation from, and at 212 

degrees F., per pound of coal .... 
Do. per pound of combustible .... 
Coal burned per hour per square foot of 

fh*e-grate area 

Katio of ashes and refuse to coal burned . 
Katio of boiler performance to normal 

duty taken at 10,000 B. t. u. per pound 

of coal with one-sixth refuse .... 



degrees F. 
lbs. per sq. in. 
lbs. per sq. in. 
degrees F. . 
pounds, 
pounds. 

pounds, 
pounds. 

pounds. 



51.8 

14.45 

79.5 

65. 
6.333 
7.63 

7.609 
9.167 

12.1 
.170 



.868 



49.1 

14.506 

77.8 

88.9 
6.126 
7.387 

7.375 
8.893 

14.2 
.171 



.837 



Digitized by 



Google 



824 



8BCTI0H D. 



D1MBN810NS RELATING TO ENOIKR. 



Right-hand 
cylinder. 



Left-hand 
cylinder. 



Diameter of cylinder 

Diameter of piston-rod .... 

Length of stroke 

Clearance in terms of stroke, front 
Clearance in terms of stroke, back 
Main steam-pipe, diameter . . . 
Branch pipes, diameter . . . . * 
Diameter of fly-wheel .... 
Width of belt-face 



inches, 
inches, 
inches. 



inches, 
inches, 
feet, 
inches. 



17.07 
2.75 
24.25 
.0218 
.0191 
10 
6 
10 
40 



17.03 
2.75 
24.14 
.0278 
.0207 
10 
6 
10 
40 



PERFORMANCE OF THE ENGINE* 







March 27. 
Condenetaig. 


March 28. 
Non-con- 
denslng. 


Duration of trial 


i. h. p. 

pounds, 
degrees F. 

potmds. 
lbs. per D*. 
lbs. per D*. 
lbs. per D'. 

pounds, 
ratio. 


lOh. 22m. 
827.27 

20.917 
11. 

21.015 
78. 
11.49 
38.5 
154. 
621. 
3.3 
.25 


lOh. 7.5m. 


Mean indicated horse-power 

Feed-water per indicated horse-iwwer per 

hour 

Superheating near engine 

Feed-water per indicated horse-power per 

hour, corrected for superheating . . . 

Mean pressure in steam-pipe 

Mean vacuum near engine 

Mean effective pressure 

Mean speed, revolutions per minute . . 
Mean piston speed, feet per minute . . . 
Coal per indicated horse-power per hour . 
Gain by condensing 


300.6 

26.1 
35. 

26.538 
76.3 

35.59 
153.1 
617.4 
4.25 



Two Thompson and two Tabor indicators were used, and inter- 
changed occasionally ; and all the springs and pressure-gauges were 
tested at the close of the trial. The exponent of the expansion curve 

P V^ 
in the expression, P^ = ~yir~ ; ^r, PV*" = C7, a constant, was found, 

by the logarithmic method, tobe?i= 1.118= about ^. 

The engines were examined for tightness at the beginning and 
end of each run. All clearance spaces were accurately ascertained. 
Diagrams were taken simultaneously every 10 minutes, and, during 
the first 10 minutes of each run, once a minute. 
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PERFORMANCE OP THE ENGINE, DEDUCED FROM A SELECTED SET OF INDI- 
dATOB DIAGRAMS TAKEN IN THE AFTERNOON OF EACH DAY, ABOUT 
EQUAL TO THE MEAN FOB EACH DAY, CORRECTED FOR ERRORS OF INDI- 
CATOR-SPRINGS AND ALL SOURCES OF INACCURACY. 





1884. March 27, P.v. 


1884. March 28. r.M. 




CoDdeoBiDg. 


Non-condenBing. 




Right-hand. 


Left-hand. 


Right-hand. 


Left-hand. 


Barometric pressure 


14.45 


14.45 


14.51 


14.51 


Initial pressure above atmosphei'e . 


75.23 


73.77 


76.20 


76.67 


Initial pressure, absolute .... 


89.68 


88.22 


90.71 


91.18 


Pressure at cut-off, absolute . . . 


74.08 


71.70 


72.88 


72.66 


Pressure at release, absolute . . . 


19.91 


19.52 


25.11 


25.26 


Compression at end of stroke, ab- 










solute 


5.02 


6. 


16.96 


17.53 


Back pressure, mid-stroke, abso- 




lute 


4.09 
.265 


4.63 
.260 


15.46 
.340 


15.66 


Point of cut-off; stroke .... 


.334 


Point of release; stroke .... 


.939 


.929 


.941 


.933 


Point of compression, stroke . . 


.927 


.938 


.905 


.922 


Mean effective pressure .... 


42.02 


40.29 


37.67 


37.19 


Steam at cut-off, pounds per indi- 










cated horse-power per hour . . 


15.78 


15.86 


20.67 


20.90 


Steam at release, pounds per indi- 










cated horse-power per hour . . 


15.42 


15.64 


20.20 


20.65 


Mean, steam at cut-off 


15 


82 


20 


78 


Mean, steam at release 


15 


53 


20 


37 


Ratio of steam at cut-off to feed- 










water 


• 


771 




811 


Ratio of steam at release to feed- 




water 




757 




795 







The quantity of eondensing-water was measured approximately, 
and its temperature, as well as that of the out-flow, kept ; and by 
this method 87.2 per cent of the heat rejected by the engine was 
accounted for. Had the performance of the boilers equalled 10,000 
B. t. u. usefully imparted to the water per pound of coal (a result 
easily attainable) , the consumption of coal per indicated horse-power 
per hour would have been : — 



Condensing, 3.3 X .868 . . 
Non-condensing, 4.25 X .837 



2.86 pounds 
3.56 pounds 



The superheating, while favorable to the engines, reduced the 
apparent efficiency of the boilers. 
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THE ATLAS-COBLI88 ENGINE, 



Manufactured by the Atlas Engine Works, Indianapolis, Ind., justly 
acknowledges its indebtedness to Mr. Corliss, while it presents some 
peculiar features of considerable interest. 

The four valves, situated as in the Corliss engine, are cylindrical 
segments actuated by wrist-plates ; and the steam-valves are tripped 
by mechanism controUed by the goveiiior, much as in the Corliss 
engine. 

These steam-valves are placed in steel bushings having two port- 
openings, which give a double length of opening at the beginning of 
admission, and also provide for repair without disturbing the cylin- 
der itself. Two eccentrics are used, in place of the single eccentric 
of Mr. Corliss, set on the shaft, — the exhaust eccentric nearly in 
the same angular position as in the Corliss engine, but the steam- 
eccentric about 90 degrees behind it, so that the cut-off has a range 
all the way from to .875 stroke. 

These eccentrics ai^ not placed on the engine crank-shaft, but on 
a special shaft near tlie cylinder driven by a pair of equal gears from 
the crank-shaft. The governor is driven by gears from this eccentric 
shaft, thus avoiding the use of a belt. 

The eccentrics are small, and the connections are short and direct. 
The Porter governor is used. 

Flat slides are used, instead of the V-slides of Mr. Corliss ; and 
the cross-head pin is placed in the middle of the length of the wear- 
plates, the wear of which is taken up by adjustable wedges. 

The main bearing and the girder frame are cast in one piece. 
The stroke ranges from 3 to 5 feet ; the speed, from 60 to 80 revolu- 
tions ; and the piston-speed, f i-om 480 to 600 feet per minute. No 
tests of these engines have come to the knowledge of the writer. 

THE PORTER-ALLEN ENGINE, 

Manufactured by the Sonthwark Foundry and Machine Company, 
Philadelphia, has been completely transformed since its precursor, 
the ^' Allen Engine," was exhibited in Engla^nd, and for a while man- 
ufactured by Whitworth & Co. ; and considerably improved in mat- 
ters of detail since it was described in the supplementary volume of 
Tolhausen's Uhland, in 1882. 

Among these improvements, are the adjustable " pressure-plates " 
back of the steam-valves, which greatly facilitate the keeping of 
these valves tight, and also serve as very efficient relief-valves for 
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water in the ej'linder, whenever greater pressure exists in the cylin- 
der than in the steam-chest. 

The workmanship of these engines, and the facilities of all kinds 
provided for accurate fitting and systematic inspection of their parts, 
are, probably, not surpassed in any mechanical establishment. The 
system of inspection requires the exact determination of the finished 
dimensions of every part, and the disposal of the inspected parts 
according to their degi*ee of conformity to standard dimensions within 
certain prescribed limits of error. 

If within the limit, the piece is accepted : if beyond the limit, it 
is laid aside for more accumte fitting, if the nature of the defect 
admits of remedy ; if otherwise, it is inexorably rejected. 

This engine, by reason of its four-ported steam and exhaust 
valves, its unbroken valve-connections, and the compensation af- 
forded by its peculiar link for the inequalities of piston-speed near 
the two extremities of the stroke, by the solidit^^ and excellence of 
its frame, and by the skilful adaptation of the weight of recipro- 
cating parts to the rotatory velocity, is peculiarly well adapted to 
high speed. 

The normal speeds range from 350 revolutions per minute for 
12-inch stroke, to 80 revolutions per minute for 5 feet 6 inch stroke, 
giving piston-speeds from 700 to 880 feet per minute. Three pairs 
of these engines, 11.25 inches diameter of cylinder, 16-inch stroke, 
condensing, 200 to 250 indicated horse-power, have been running 
several yeai-s at the mill of the Willimantic Linen Company, Willi- 
mantic. Conn., at 350 revolutions per minute, giving a piston-speed 
of 933 feet ; and cards taken from one of them by the writer show 
excellent distribution of steam. 

The Porter- Allen engine has been extensively used for driving 
dynamos for electric lighting, but perhaps its most signal triumphs 
have been won in rolling steel plates and rails. 

At the Cambria Iron-works, Johnstown, Penn., a Porter- Allen 
engine, 40-inch diameter of cylinder and 48-inch stroke, several years 
ago replaced a throttling, slide-valve engine, running at 82 revolu- 
tions per minute with empty rolls, but falling to 65 or 60 at every 
pass, so that by the time a rail was finished its temperature was very 
sensibly reduced, and its plasticity greatly lessened. 

The Porter-Allen engine, nmning at the unalterable speed of 90 
revolutions per minute, finished a rail with 11 passes instead of 15, 
without sensible diminution of temperature, and fully doubled the 
production (2,400 tons per week against 1,200), with greatly reduced 
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breakage, and a smaller proportion of defective rails. Of coarse 
there were other incidental advantages. 

The Cambria Iron-works have in use, it is said, 14 of these 
engines of various sizes. An engine of 40-ineh cylinder, 48-inch 
stroke, coupled directly to a train of rolls at the Otis Steel-works, 
Cleveland, O., rolls plates 10 feet in width, and of less width 50 
feet in length, reducing | inch at a pass. 

The Troy Steel-works, Troy, N.Y., have three of these engines, 
now several years in use, driving roll-trains; and there are many 
others. One of these engines, 12-inch cylinder, 24-inch stroke, sup- 
plying power to the Clinton Wire-cloth Mill, Clinton, Worcester 
County, Mass., now more than ten years in use under the observa- 
tion of the writer, recently ran six months at about 50 horse-power, 
as computed from daily indicator-diagrams, with a mean hourly con- 
sumption of 3 pounds of coal per horse-power, — all the coal burned 
during the whole period being divided upon the number of hours 
run. 

The coal was a good quality of anthracite, egg-size. The engine 
is non-condensing, and not steam-jacketed, and during cold weather 
works against 3 or 4 pounds back-pressure, as exhaust-steam is used 
for warming the mill. 

THE HOADLEY FORTABLE ENGINE. 

An engine designed, patented, and for several years manufac- 
tured by the writer, and now made by Messrs. George T. McLaugh- 
lin & Co., Boston, Mass., should be mentioned as the pioneer in this 
counti7 of the large class of steam-engines with automatic cut-off 
controlled by a centrifugal governor placed on the crank-shaft, of 
which we have already noticed several examples, and shall meet 
others. 

The genesis of this device appears to be as follows: Richard 
Wilcox of Bristol took out lettera- patent of Great Britain, No. 
2,574, of 1802, June 21, for several improvements in steam-engines 
and boilers, among which was a centrifugal regulator attached to the 
arms of a fly-wheel, complete as an automatic variable cut-off in all 
respects, except that no provision was made for centripetal action, 
by springs or otherwise. 

The description is imperfect ; but the drawing is clear, and the 
idea of regulating the speed by causing the speed itself to propor- 
tion the period of steam-admission to the requirements of the load, 
is clearly expressed. The device shown — a conical cam shifted end- 
wise on the crank-shaft by the governor — is substantially the same 
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as that adopted by Mr. Corliss in one of his early engines, erected 
at the Calendar Works in Providence, in 1849 ; and applied in a 
little different form, about the same time, to a pumping-engine at the 
United-States Dry Dock in Brooklyn, N.Y. 

Isaac Dodds of Masbrough, and William Owen of Eotherham, 
took out letters-patent of Great Britain, No. 8,219, of 1839, March 
16, for an eccentric of variable throw, adjustable by hand, by means 
of a pair of wedges sliding in grooves on opposite sides of the 
crank-shaft, with their outer sloping edges parallel, embraced by a 
slotted eccentric, so that, as the wedges were moved fox-wards and 
backwards, the centre of the eccentric Was moved towards or from 
the centre of the shaft, reducing or increasing the throw without 
affecting the angular advance of the eccenti'ic, but disarranging the 
lead of the valve. 

This device could not be used as a reverse-motion ; and, indeed, 
the same patent describes another device for reversing, applicable to 
locomotives. 

Onl}^ three months later, June 21, 1839, Jacob D. Custer of Nor- 
ristown, Penn., took out letters-patent of the United States, No. 
1,179, for a complete and perfect automatic cut-off engine, claiming : 
*' Attaching the governor-balls to the fly-wheel of the engine, and 
connecting them to the eccentric in the manner specified, by which 
means the eccentric is made to move backwards and forwards in 
relation to the dead points of the crank, and thus to cut off the steam 
longer or shorter." 

This seems to have been the first attempt, 27 years after Wilcox, 
to carry out his original invention ; and it was 25 years later before 
another attempt was made (an abortive attempt), and 29 years 
before it was reduced to practice. 

S. Lloyd Wiegand, of Philadelphia, took out letters-patent of the 
United States, Nov. 22, 1864," No. 45,199, for an oscillating engine 
with an apparently impracticable complication of cams, ratchets, and 
pawls, to produce automatic variable cut-off, by means of " a cen- 
trifugal regulator whose plane of motion is coincident with or par- 
allel to the plane of motion of the adjustable cam operating the 
induction-valves. ' ' 

No practical result seems to have followed any of these attempts : 
the time was not ripe. 

Wilson Hartnell and Stair Guthrie, of Lincoln, took out letters- 
patent of Great Britain, No. 325, of 1868, Jan. 30, for a pair of 
swinging arms pivoted upon the plate of a case, or upon the arms of 
a pulley, or balance-wheel, carrying at their free ends weights which 
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by various devioeB moved a single slotted eccentric across the shaft, 
in a direction parallel to a line Joining the forward and backward 
position of the centre of the eccentric. 

In one form, a vibrating arm, pivoted at one end to the case, car- 
ried at the other end a slotted eccentric, swung backward and for- 
ward across the shaft by the centrifugal action of the governor-balls 
and the centripetal action of springs. In another form, there is a 
rectangular dovetailed block formed on the end of the hub of a fly- 
wheel or other pulley, to guide the slotted eccentric in its transverse 
motion across the shaft. 

A year later, May 26, 1869, Richard Boby and John Richardson, 
of Lincoln, took out letters-patent of Great Britain, for a marine 
governor mounted on the crank-shaft of a steam-engine, and con- 
nected, by means of a rod running through the hollow shaft, with a 
pair of wedges similar in form to Dodds and Owen's, but wholly 
differeut in combination, in function, and in operation. 

Instead of moving the slotted eccentric in a direct line from its 
centre to the centre of the shaft, Roby and Richardson's device 
moved it from the forward position directly towards the reverse posi- 
tion, as did Hartnell and Guthrie's. Roby and Richardson's slotted 
eccentric was moved on a square boss on the shaft, between collars 
fixed to the shaft, like Dodds and Owen's. A cut and description 
of a portable engine with this device was published in ^^ Engineer- 
ing," Vol. , p. 

In 1870 £. R. and F. Turner of Ipswich made a portable engine 
with a slotted eccentric on a square shaft between fixed collars, 
which was moved square across the shaft by means of opposed 
wedges, resembling Dodds and Owen's in form, and similar to Roby 
and Richardson's in form and function, but different in combination. 

Instead of the marine governor of Roby and Richardson, E. R. 
and F. Turner employ an ordinary vertical revolving pendulum gov- 
ernor to control the eccentric through the wedges, by means of a 
combination of levers and a sort of bell-crank. This engine is 
described in '' Engineering," Vol. X., p. 462. 

In 1872 the same E. R. and F. Turner exhibited at the Cardiff 
Exhibition of the Royal Agricultural Society, a portable engine with 
a Hartnell and Guthrie governor, having a slotted eccentric carried 
on the free end of a vibrating link. This engine was entered for 
competition at the famous competitive trials of portable engines, but 
was ruled out by an accidental defect, the loosening of a fly-wheel. 

Next in order of time, comes the patent granted to J. C. Hoad- 
ley, Oct. 28, 1873, and an important improvement June 29, 1875. 
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A frame secured to the crank-shaft, having suitable gibs and adjust- 
ing screws, replaced the square boss on the shaft, to guide the slotted 
eccentric in its transverse motion. A pendulum, or vibrating arm, 
pivoted to the fly-wheel, and carrying a slotted eccentric at its free 
extremity (Hartnell and Guthrie's device) , since successfully worked 
out by others, was tried and abandoned, as too unstable without a 
dash-pot. 

Leaf, elliptic springs placed on opposite sides of the shaft, with 
their ends connected by links adjustable in length, were carried in 
sliding spring-pockets upon radial arms set at right angles to the 
motion of the eccentric, to which motion was given through toggle- 
joints. 

The springs and spring-pockets formed part of the governor- 
weights ; and other weights were provided, to adjust (in conjunction 
with the strength of the springs and the tension put on them by the 
links) the governor to the normal speed at which the centrifugal force 
of the revolving-weights and the resilience of the springs would be 
in equilibrium. 

A single piston- valve received from the eccentric, by the opera- 
tion of this governor, motions almost identical with those produced 
by a well-adjusted shifting-link ; giving invariable lead, and variable 
cut-off, release, and compression. Regulation was therefore effected 
by changes on l>oth sides of the piston, — by changes of working- 
pressure on one side, and of counter-pressure on the other; or by 
variable quantity of steam admitted to the cylinder, and by variable 
working-capacity of cylinder. 

A great number of these engines are in use, and they have been 
often tested. An official test of a common, commercial, portable 
engine, 14.5-inch cylinder and 20-inch stroke, with naked boiler and 
unclothed steam-jacket casing, was made at the Centennial Exhibi- 
tion in Philadelphia, in 1876, by Charles E. Emery and Charles T. 
Porter, with an efficient corps of assistants. 

The coal used was ordinary anthracite, egg-size, such as was 
used for all the boilers at the Exhibition, without selection or drying, 
and was, in fact, brought to the door in open wheelbarrows through 
the rain. An account of the trial will be found in the general report 
of the judges of Group XX., International Exhibition, Philadelphia, 
1876 (J. B. Lippincott & Co., Philadelphia, 1878), pp. 152-158. 

A few items of the results are subjoined : — 

Indicated power i.h.p., 80.29 

Dynamic power d.h.p., 72.72 

Steam per indicated horse-power per hour lbs., 19. .38 
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Steam per dynamic hone-power per honr lbs., 21.40 

Water per indicated hone-power per hour lbs., 25.61 

Water per dynamic hone-power per hoar lbs., 28.27 

Coal per indicated horse-power per hour lbs., 3.35 

Coal per dynamic horse-power per hour lbs., 3.69 

Combustible per indicated hone-power per hour lbs., 2.95 

Coi^bustible per dynamic horse-power per hour lbs., 3.26 

Coal consumed per square foot of fire-grate area, per hour . . . 21.07 
Water evaporated from 183^ F., under 120 pounds per square inch 

above atmosphere, per pound of coal '7.65 

Do., per pound of combustible 8.68 

Equivalent evaporation at actual steam-pressure, 135 pounds abso- 
lute, from 2129 F., per pound of coal a62 

Do.» per pound of combustible 9.78 



The Cummer Engine Company^ Cleveland, O., manufacture an 
automatic cut-off engine, with flat ^^ gridiron '* slide valves, and 
uninterrupted valve-connections. 

The main steam-admission valves are thin, having no ^^cup" 
for exhaust, and have at each end three openings for the passage of 
steam, corresponding to three ports in the valve-face. They are 
placed against a vertical face in the upper part of a divided steam- 
chest on the side of the horizontal cylinder, receive motion from an 
invariable eccentric, and carry upon their backs riding- valves, thin, 
flat, 2-ported gridiron, and unbalanced, controUed by a governor 
placed on the eccentric-shaft. 

This is not the crank-shaft, but a short shaft near it, parallel with 
it, and receiving from it synchronous motion by means of a pair of 
equal spur-gears andean intermediate. The exhaust- valves are also 
flat, thin, gridiron slides, placed horizontally low down at the side of 
the cylinder, below the steam-admission and cut-off valves, partly 
in the space beneath the curve of the cylinder, and are moved by an 
invariable third eccentric. 

The eccentric which moves the riding cut-off valves is turned on 
its shaft by a centrifugal governor of novel and interesting construc- 
tion. The shaft which carries the eccentrics and the governor is hol- 
low, and has within it a rod fitted to slide freely endwise. At one 
end, this rod is connected, by means of a cross-bar extending through 
a slot in the shaft, with the swinging arms of a governor, so that the 
governor gives endwise motion to the rod within the shaft. At its 
opposite extremity, this rod bears against the face of the upright 
arm of a bell-crank, which is weighted on its horizontal arm ; the 
weights, which are adjustable, acting against the centrifugal force 
of the " flying weights ** of the governor. 
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By this arraDgelnent, the governor itiay be fldjuert;ed to any nor- 
mal speed by merely adding or remoting weights, which are sus- 
pended below the floor of the engine-room, from the horizontal arm 
of the bell-crank ; and the whole system ifil neutral, and <3asily con- 
trolled by the governor. 

Increased centrifugal force readily moves it in the direction of 
earlier cut-off; and the increased resilience of a supplementary 
spring, acting with the constant force of the adjusted weights, holds 
this centrifugal force in check. The governor is therefore at once 
sensitive and stable. 

The swinging arms of the governor, by means of connecting- 
rods attached to lugs on the cut-off eccentric, turn this eccentric ou 
its shaft, to advance or retard the cut-off according to the require- 
ments of the load. This would change all the other events also, if 
there were no other eccentric ; but, in fact, release, exhaust-closure, 
and admission are controlled by the other two eccentrics, so that in 
these respects the effect of the turning of this eccentric is masked, 
and cut-off alone is practically varied. These engines are skilfully 
designed, well made, and bear a good reputation. 

Armington, Sims & Co,^ Providence, R.I., have within a few 
years attained remarkable success in making automatic cut-off en- 
gines, mostly of moderate size, running at speeds as high as 350 
revolutions per minute, — largely used in driving dynamos for elec- 
tric lighting. These engines haVe a short stroke, an overhung cylin- 
der, a compact and well-designed bed-plate, a single tubular piston- 
valve, closed at the ends, with a passage through its middle portion 
between its steam-ports or passages, so that, when taking steam 
directly at one end of the valve, it is also admitting it indirectly 
from the other end through the hollow valve, giving rapid admission 
at the beginning of the stroke, almost as with a gridiron valve. 

The cylindrical casings which form the valve-seats are placed 
near the ends of the cylinder, making the steam-passages short and 
direct, — in a box steam-chest at the side, with a flat cover, which on 
removal discloses the valves and valve-seats, and facilitates the set- 
ting of the valve. Double crank-disks are used, for the most part, 
and two overhung fly-wheels with belt face. 

The governor, a modification of Hartnell and Guthrie's, presents 
considerable novelty, and possesses no little merit. The single eccen- 
tric is composite, consisting of one eccentric within another. The 
inner one, with large eccentricity, barely encloses the engine crank- 
shaft; the outer one, of less eccentricity, free to turn upon the inner 
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one as this is to tnrn upon the shaft, carries an ordinary eccentric* 
strap connected by suitable rods with the valve. 

The swinging arras of the governor are so connected with these 
two parts of the eccentric, as to cause them to revolve in opposite 
directions. When the flying-weights are out, in the position due to 
the highest admissible speed, and the centripetally opposing springs 
are most compressed, the two parts of the eccentric are so related 
that the eccentricity of the inner part is diminished by the whole 
eccentricity of the outer part, and the movement of the valve is 
reduced to the sum of its lap and lead, and cut-off is at its shortest ; 
Just steam enough being admitted, and Just enough exhausted, to 
keep the engine running at normal speed without resistance other 
than its own internal resistances. 

In the other extreme position of the flying-weights, when the 
resilience of the compi*essed springs has brought them, by reason of 
their slightly diminished speed, back to their most central position, 
the eccentricity of the outer part of the eccentric is diminished only 
in part by that of the inner one, and the motion of the valve is 
increased so as to delay the cut-off to about seven-tenths of the 
stroke, and release and compression are delayed in equal measure. 

This is accomplished by turning the inner part of the eccentric 
about 55 degrees in one direction, and the outer part simultaneously 
about 28 degrees in the other direction, — about 83 degrees of rela* 
tive motion ; all by the same motion of the swinging arms. 

The combination of these two motions maintains an unaltered 
linear lead of the valve, and at the same time performs in a faultless 
manner the function of guiding the eccentric in the transverse motion 
of its centre. It also combines great delicacy of movement with 
great stability of position, and all its rubbing surfaces are best 
arranged for exclusion of dust and continuity of lubrication. 

No provision is made for keeping the piston-valve tight, save by 
reaming out the valve-seat and putting in a niew valve, — not a bad 
way, when all is said. 

In point of elegant simplicity these engines are very striking. 

A. L^ Ide^ Springfield^ lU.^ has recently brought out an engine 
which presents some interesting features. The bed-plate, a sort of 
trough set on its side, partly embraces the crank-disk, contains the 
slides, which are very wide segments of a cylinder, and is straight on 
top from the main bearing of the crank-shaft to the overhung cylin- 
der. The cap of the main bearing is set at an angle of about 30 
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degrees with the vertical, as in the Hoadley portable engines, and in 
some marine engines. 

A single large, hollow piston-valve, with packing-rings at its 
Mrearing-faces, is placed directly under the cylinder, and runs in steel 
bushes inserted in the steam-chest, which is cast in one piece with 
the cylinder* 

The bushes have several bars across their ports, to keep the pack- 
ing-rings of the piston-valves from spreading into the ports ; and, as 
a further safeguard, the rings are made wider than the ports. Steam 
is admitted to the steam-chest around the middle portion of the valve, 
and to the cylinder at the inner edges of the sliding-faces ; but at 
only one fend of the valve at the same time, and exhaust takes place 
through the hollow cylindrical valve. 

The governor is a clever and successful modification of Hartnell 
and Guthrie's slotted eccentric on the free end of a pendulous arm, 
pivoted at the other end to the case, and controlled in position by 
two long, curved swinging ai*ms carrying adjustable weights, re- 
strained by long spiral springs, which are extended when the arms 
are moved out by the weights. 

A straight bar, extending from one of these swinging arms to the 
other, connects them in such a manner as to form a parallel motion^ 
and to cause them to co-operate in moving the slotted eccentric 
across the shaft. 

A dash-pot, connected with the free end of one of the swinging 
arms, integrates all momentary impulses, and gives steadiness to the 
governor. Motion is communicated from the eccentric to the valve 
by a rocker-shaft and arms, as in a locomotive- 

The writer has never seen this engine ; but the published cuts of 
diagrams are excellent, and the clear, full, and sensible description 
of the engine given in Mr. Ide's trade circular evinces careful study 
and skilful adaptation. 

B, F. Sturtevant^ Boston, well known as a manufacturer of fan- 
blowers, makes an automatic cut-off engine of no little merit. Its 
most marked characteristic, aside from its compactness and evident 
serviceableness, is a novel and peculiar fonn of '' riding- valve," 
almost frictionless, under the control of a very powerful governor on 
the crank-shaft, producing a regularity of speed sensibly perfect* 

The main valve is long, as the ports are straight, and thick 
enough to admit cups for exhaust, and Is balanced by rings on its 
back. The passages in this valve, for the admission of steam to the 
cylinder, do not extend through the entire thickness of the valve, as 
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is usually the case where a riding-valve is used ; but resemble the 
exhaust-cups, except that they are only as wide as the ports in 
the cylinder. 

Two piston^valves, placed side by side within the thickness of the 
main valve, receive from the variable cut-off eccentric a differential 
movement relatively to that of the main valve, such that they are 
withdrawn just before the beginning of the stroke, opening the pas- 
sage through the main valve into the cylinder, and returned at the 
dictation of the governor to close the passages and cut off the steam. 

These piston cut-off valves have very little motion in their seats, 
and are subject to no lateral pressure, and must suffer but little from 
wear. At the same time a little leakage past them would dause only 
very slight loss. It could take place only during expansion before 
the closure of the port by the lap of the main valve, that is, only 
in the earlier stages of expansion ; and only into the cylinder, never 
directly into the exhaust. 

The cut-off valve-stem passes through the tubular stem of the 
main valve, which is fitted with a stuffing-box at its outer end, as in 
the Buckeye engine, which this Sturtevant engine much resembles. 

The governor has four heavy weights on four swinging arms 
co-operating to compress by their centrifugal force two long, pow- 
erful springs, and with very slight motion, moderated by a dash-pot, 
give all requisite movement to the cut-off eccentric > — turning it on 
the shaft to hasten or retard the cut-off. 

The weights are spherical, and are adjustable on the straight, 
threaded arms by simply turning them, so that the most delicate 
balancing of the whole apparatus is easily attained. 

The steadiness and uniformity of motion obtained in this engine 
are quite remarkable. Indeed, the Moscrop speed indicator makes a 
straight and narrow line all day, even with great and sudden vaiia* 
tions of load. 

The Ball Engine^ manufactured by the Ball Engine Company, 
Erie, Penn., one of the latest contributions to this class of engines, 
having the governor on the crank-shaft, will bring our protracted 
review of such engines to a fitting close, since it will bring to our 
notice an interesting novelty. 

This is, perhaps, the first successful example of a steam-engine 
regulated not alone by the quantity of steam admitted to the cylinder 
and the quantity retained in it at each stroke, as determined by the 
speed itself, but, conjointly with such regulation, the differential 
tension of the driving-belt is made to take its part in adjusting the 
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cut-off eccentric on the crank-shaft, and so in proportioning the effec- 
tive pressure to resistance of the belt in such a manner as to maintain 
any predetermined rate of speed, either sensibly uniform under all 
usual variations of steam-pressure and of load, or either faster or 
slower according to the adjustment, with higher steam-pressure and 
lighter load, or with lower pressure and heavier load, or with both 
load and pressure varying in any degree, — of course, within certain 
limits in either direction. 

For example, mill-stones may be made to run the faster the more 
rapid the feed, or with perfect unifonnity, or in any degree slower, 
irrespective of all usual variations of initial pressure. To accom- 
plish this, flying- weights on swinging arms pivoted to a fly-wheel, 
restrained by centripetally acting springs, move a slotted eccentric 
across the shaft, as in the Hartnell and Guthrie governor ; and at 
the same time another pair of springs, acting against the differential 
tension of the belt, determine the angular position of the belt-pulley 
on the shaft, and so directly adjust the eccentric to earlier or later 
cut-off and compression according to this belt-tension. 

The facility of running at higher speed with heavier load may be 
of little importance, except as it affords the means of attaining a 
perfectly isochronous rotatory motion. This, it is said, the trace of 
the Moscrop speed-indicator demonstrates to be attainable in the Ball 
engine ; but better regulation than has been reached by the Sturte- 
vant engine seems hardly possible. 

Tlie Lambertville Iron-works^ Lambertville, N.J., manufacture an 
automatic cut-off engine of the riding-valve type, with the stem of 
the cut-off valve passing through the hollow stem of the main valve, 
as in the Buckeye and Sturtevant engines. 

The cut-off has releasing-gear, operated by a sliding bar which 
receives motion from an invariable cut-off eccentric ; and the valve, 
when released by tappets adjusted by an ordinary vertical revolving- 
pendulum governor, is closed by the recoil of a compressed spring. 
The valves are balanced by a peculiar arrangement of plates on their 
back. Relief -valves are put into both ends of the cylinder, to guard 
against injury from water. 

The published diagrams show a wide range of mean effective 
pressure, with excellent lines ; and the geneml design of the engine 
is good. The cut-off valve-gear of this engine seems to be a direct 
outgrowth of that next to be described, — the Greene engine: with 
which our notice of engines of this class must close, although others 
not a few come to mind, and appear to desei^e attention no less than 
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some of the preceding ; and some, no doubt, are either unknown to 
the writer, or have been overlooked. 

Noble T. Oreene^ Providence, R.!., was very early in the field 
with a practicable automatic cut-off engine, — about contemporane- 
ous with Corliss, although the courts, in the litigation between them, 
awarded the priority to Mr. Corliss. The Greene engine is now 
built by the Providence Steam-engine Company, after a long inter- 
ruption by an injunction secured by Mr. Corliss for infringement of 
his patents, which have now expired. 

This engine as now built, after undergoing several alterations of 
form, appears from a recent trade circular to have, for the smaller 
sizes, a low, straight frame with a flat top-plate a little higher than 
the top of the crank-shaft, with the main bearing of the crank-shaft 
at the end of the fhime, and the cylinder secured to the side, with 
the liberating mechanism of the cut-off valve located on top of the 
girder, behind the cylinder. 

A larger engine has a low bed, or sole-plate, with the cylinder 
placed on top of it, the pedestal for the main bearing of the crank 
rising from it, and the slides also set up to a corresponding height. 
This looks like reversion to an antiquated form. There are four 
valves, moved by two eccentrics, — the exhaust- valves below the 
cylinder, to drain off accumulated water, and the steam-induction 
valves at or near the top of the cylinder. All are flat gridiron slides. 
All are moved by rock-shafts and arms, — the exhaust-valves by one, 
the steam-valves by two. 

A sliding bar running in guides attached to the side of the cylin- 
der carries two tappets which move up and down in obedience to a 
common ball-governor suspended by a bracket, and are held up to 
the position in which they are set by the governor, by spinal springs 
beneath them. 

Each tappet has a vertical outward face, and a top sloping away 
from this face towards the other tappet. Above, secured on two 
rock-shafts, are two swinging arms, with pendent extremities fitted 
to engage with the vertical side of the ratchets, and so to move the 
valve, and to push down the tappet by its beveled top, when the slid- 
ing-bar is moving in the opposite direction. 

Since the swinging arms move in a circle, while the sliding-bar 
moves in a straight line, the engaged tappets and extremities of the 
swinging arms must sooner of later become disengaged : the sooner, 
the lower the tappets are depressed ; the later, the higher they are 
raised ; and when they are disengaged, the connection between the 
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eccentric and the valve is broken, the valve is liberated, and closed 
by the joint action of a weight and of steam-pressure on the area of 
cross-section of the valve-stem. 

This engine bears an excellent although a comparatively limited 
reputation ; and the fact that at least one other concern — the Lam- 
bertvUle Iron-works — has adopted it as a model, is some evidence 
of merit. 

A mere catal<^e of names of engine-builders would have no 
interest or value ; and for any thing more, if indeed for so much, 
there is neither space nor time here. 

Steam-pumps can only be mentioned in passing. More is hardly 
necessary ; sint5e tiie Worthington, Knowles, Blake, Deane, and other 
American steam-pumps, are not unknown in England. 

A valuable class of engines used in steamboats, often with a 
single paddle-wheel at the stem, upon Western rivers such as the 
Ohio, which during a part of almost every year are in places very 
shallow, can only be mentioned. Horizontal, with cylinders about 
25 inches in diameter and 8 feet stroke ; with poppet-valves moved 
by cams and levers, using steam of high initial pressure, and reveal- 
ing by the shrill note of their exhaust a moderate degree of expan- 
sion, and running at moderate speed of revolution, though with 
pretty high piston-speed, — these engines aflford a fine example of 
special adaptation to peculiar conditions. 

Portable and semi-portable engines are made in countless num- 
bers ; not a few of considerable merit, but for the most part very 
cheap, and far from economical of fuel. 

Straw-burning engines for driving separators are largely used in 
the vast wheat and rye fields of California, and to some extent in the 
new North-west, where there is no market and little use for straw ; 
but in other parts of the country, straw is too valuable for other pur- 
poses to be used for fuel. 

The writer passed the harvest-season of 1877 in the vast wheat- 
fields of Yolo and Sacramento Counties, California, with a straw- 
burning, portable, automatic cut-oflf engine of his own design and 
construction, conveniently fitted with indicators ; and retains pleasant 
and profitable lessons gained by this experience. 

A constant record was kept of ttie feed-water used and of the 
grain threshed and cleaned ; and diagrams with 30 consecutive lines 
were taken often enough to give a fair idea of the indicated power 
developed under various conditions. 
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The engine, 7.5-inch eylindor-diameter and lO-ineh stroke, was 
known, by experiment, at 250 revolutions per minute, 125 pounds 
boiler pressure alK>ve the atmosphere, and 15 horse-power, to require 
30 pounds of feed-water per indicated horse-power and per hour, so 
that the consumption of feed-water was an approximate measure of 
the power develoi>ed. 

Traction-engines, although made to some extent, are yet far less 
common than in England and elsewhere in Europe. The writer, in 
the capacity of department Judge of Department A, Class 3, at the 
Ninth Cincinnati Industrial Exposition, in 1881, conducted tests for 
economy, in the f)xi)Osition Building, and for service in the field and 
on the road, of three traction-engines, made by the Geiser Manufac- 
turing Company, Waynesborough, Penn. ; Frick & Co., of the same 
place ; and the Hubcr Manufacturing Company, Marion, O. 

Two other traction-engines were entered for competition, but 
withdrawn before the trial. A detailed report of these tests may be 
found in the rci)ort of the commissioners of the Ninth Cincinnati 
Industrial ExiK>Hition, and in the ^^ Scientific Proceedings of the 
Ohio Mechanics* Institute," May, 1882, p. 54. 

The two engines first above named were in most respects admir- 
able, and their performance was very good. On the difficult route 
assigned them, both would have done better if provision had been 
made for coupling together the two driving-wheels, in order that one, 
on firm ground, might help the other out of a rut, — this necessary 
co-operation being cut off by an admirable equalizing gear which 
rendered the engines very manageable on firm land. 

The best economy obtained was 35.1 pounds of feed-water per 
indicated horse-power and per hour, equal to about 4 pounds of good 
coal. The best actual result, measured in coal consumed, was 6.13 
pounds per indicated horse-power and per hour. 

Ploughing-engines, as already said, are little used in the United 
States. It has been said that the soil in this country, at the season 
for ploughing, is so dry that dust is a gi*eat obstacle to the use 
of steam ploughing-engines ; but a more serious obstacle is probably 
to be found in the heavy outlay required, and the limited capital at 
the command of most farmers. The future development of this 
class of engines is to be expected. 

Marine engines roust get but cursory notice here. This is the 
less to be apologized for, inasmuch as Maw's '^ Recent Piractice in 
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Marine Engineering" i8 not entirely silent on the subject of recent 
American marine engines. 

If no more successful than the writer in obtaining information 
from American marine-engine builders, the scant notice will match 
the scant courtesy. 

The most striking novelty is to be found in the torpedo-boat 
engines and boilers of the Herreshoflf Manufacturing Company, Bris- 
tol, E.I. ; and these are so fully described in Maw's "Marine 
Engineering," that little need be said here. 

The production of 169.47 indicated horse-power in a boat only 
48 feet long over all, with engine and boiler only 6,320 pounds 
weight, including the usual water-supply in the boiler, and a water- 
tank capable of holding 720 pounds, making the entire weight of 
engine and boiler no more than 37.17 pounds per indicated horse- 
power, is certainly noticeable, as is the production of this power 
with the consumption of only 4.13 pounds of artificial fuel (bri- 
quettes) per indicated horse-power per hour. 

The ability to make over 100 miles at a speed of more than 16 
miles per hour, with no more fuel than its bunkers can stow, is also 
worth mentioning. 

Of curious engines there is no end. Among these the writer 
places the Westinghouse engine, now much in vogue, and all the 
rotary engines. 

Of these latter, that of Richard Dudgeon of New York is well 
known, although little used, to the writer's knowledge, out of the 
shop of its inventor, where one has been running since 1870. An 
account of this really curious engine will be found in "Engineer- 
ing," Vol. XVI., p. 398, Nov. 14, 1873. 

The rotary engine of Leander J. Wing of Boston is less known. 
With great ingenuit}^ and equal pertinacity he has brought his engine 
as nearly to the excellence of a good reciprocating engine as any- 
body has yet done or is likely to do. 

It remains only to say a few necessary words about the American 
locomotive. x 

The steady development of this grand machine, by the concurrent 
efforts of many hundreds of men during more than fifty years, had 
resulted in a few general styles, so well adapted to the several 
requirements of ordinary passenger - trains, of express - trains, of 
freight-trains on moderate grades, and of freight-trains on heavy 
grades, ainl the forms and proportions of these several styles had 
become so well settled, and so firmly established, that a race of 
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improved haman beings oonstracted <m the crastacean instead of 
the vertebrate plan would have seemed quite as likely as that any 
marked alteration in the American locomotive could ever be intro- 
duced. 

The weak point was the narrow fire-box, and the limited fire- 
grate area, necessitating rapid combustion, no less than 50, 80, 100 
pounds, and occasionally 150 to 180 pounds, of coal per hoar on 
every square foot of grate ; and to this admitted defect the Ameri- 
can bar-truss frame contributed in some small degree. 

But the immense advantages of this rigid frame over the flat 
slab-frame, which must be almost wholly dependent on the boiler 
for needful stiffness, are so great that it could never have been given 
up for the sake of less than 10 per cent increase of fire-grate area. 

The Wootten locomotive seems to have overcome this difficulty. 
By raising the fire-grate above the top of the driving-wheels, room 
is obtained to spread it out to any desirable width ; and an area of 
68 to 72 square feet, 8 feet wide by 8.5 or 9 feet long, from two to 
four times as lai^e as could be obtained between the drivers, is pro- 
vided. The moderate rate of combustion requured on this large 
grate is easily maintained with a gentle blast, and a variable ex- 
haust-nozzle 4 to 5 inches in diameter gives sufilcient draught for all 
occasions. 

The result is, that inferior fuel, coed-slack, anthracite or bitumi- 
nous, or lignite containing 20 per cent of water, can be used success- 
fully, and in the vicinity of coal-mines with gveat economy ; and 
higher efliciency is obtained flxxn all grades of fuel. 

Fired at two doors, and at a convenient elevation above the foot- 
board, the grates are easily kept clean, and the fire is readily kept in 
a uniform state. 

The large fire-box, with 151 square feet of heating-surface and a 
combustion-chamber, beyond a bridge-wall of fire-brick, with 32 
square feet, present, all together, 183 square feet of most efiScient 
surface, largely exposed to direct radiation from the incandescent 
solid fuel. 

The incidental advan1;9.ges are equally marked, — comparative 
immunity from cinders, soot, and smoke, and considerably reduced 
wear of furnace-plates. 

But the most remarkable circumstance is, that raising the centre 
of gravity is said to have noticeably improved the ease of the engine 
on the rails, and the steadiness and smoothness of running. 

The illustration offered, namely, that a stick loaded at one end 
can be more easily balanced on the finger with the loaded end upper- 
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most, may not present a trae analogy, but it is perhaps as nearly 
so as comparison with the stability of a vessel with centre of gravity 
high or low. 

On the 1st of January, 1884, the Philadelphia and Reading Rail- 
road Company report 171 of these engines, using waste anthracite 
exclusively for fuel, and that 83 per cent of the main-line coal ton- 
nage of the previous year had been moved by locomotives using such 
waste fuel, resulting in a saving during the year, in that item alone, 
of $378,000. 

The first one constructed had completed its seventh year of ser- 
vice, and had run 183,904 miles in coal and freight train service ; yet 
no evidence of wear or deterioration of fire-box plates was apparent. 
The mean annual mileage of this engine is 26,272. 

Twenty engines in all, put in service between January, 1877, and 
March, 1881, had each run more than 120,000 miles, 7 on passenger- 
trains, 2 on freight-trains, and 11 on coal-trains, with a mean annual 
run of 33,660 miles, without showing any sensible wear of the fire-box 
X^lates. 

It may be that the experience with these locomotives is yet too 
slight to ^yarrant safe conclusions ad to their permanent qualities ; 
but they appear to constitute one of America's most impoilant contri- 
butions toward the improvement and development of the locomotive 
of the future. 

A locomotive built by the Baldwin Locomotive Works of Phila- 
delphia, for the Central Railroad of New Jersey, designed for fast 
passenger service, will give a fair idea of good American practice. 
This engine. No. 169, one of four altogether similar, save that two 
had cylinders 19 by 24 inches, while this and another had cylinders 
18 by 24 inches, is fully described and illustrated in "The American 
Machinist," New York, Jan. 7, 1882. 

It has 4 drivers coupled, 68 inches in diameter ; rigid wheel base ; 
tread to tread of drivers and of truck-wheels, 7 feet 6 inches ; dis- 
tance from mid-point between drivers to centre of truck, 14 feet 
2 inches; truck- wheels 30 inches in diameter; gauge, 4 feet 8.5 
inches. A swinging bolster on the truck gives flexibility to the run- 
ning gear, which carries the weight of the boiler and engines precisely 
as two independent four-wheeled carriages would carry it. 

The fire-box is set on top of the frame, the upper bar of which 
slopes forwai'd from the top of the jaws of the trailing-wheels directly 
towards the main driving-axle, and is joined to the after jaw of that 
axle-box at the middle of its height; and is 3 feet 7.75 inches wide 
by 10 feet 5 inches long, giving 38 square feet fire-grate area. 
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The fire-f^ratc is fonned of 10 water-tabes 2.25 inches in diameter 
outside, and 4 solid bars which can be withdrawn for cleaning out 
clinkers, and has a a\o\)e forward of 12 inches, the rear end being a 
few inciics al)ove the lx>tton] of the water-space. The boiler has 200 
tubes 2 inches outside diameter, and 11.49 feet long; 145 square feet 
of hcating-surfaiie in fire-box, 1 J 75 in flues, and 1,320 in all. 

The total weight of the locomotive, in working order, is 93,000 
IK)unds, — say 41.52 tons; and normal steam pressure is 140 pounds 
per square inch alwve the atmosphere, — say 10.5 atmospheres abso- 
lute. The train usually consists of five cars ; namely, one baggage- 
car, one express-car, one Pullman drawing-room coach, and two 
onlinary |)a8senger-coache8 ; and schedule time, 37 minutes, is easily 
made between Jersey City and Bound Brook, 32 miles, — 52.16 miles 
an hour. This distance has been run in 33 minutes, say at the rate 
of 58.2 miles an hour. 

Three miles uiK>n the route have been run in 2 minutes and 24.5 
seconds, and fluently covered in 2.5 minutes ; and a single mile 
has been run in 45 seconds, — timed lietween mile-posts with a stop- 
watch. These times eorresix>nd to speeds, for three miles, of 74.74 
miles and 72 miles an hour ; and, for a single mile, 80 miles an hour. 

The same builders made in 1883, for the Cantagallo Railway, 
Brazil, three locomotives, beaiing the numbers 28, 29, and 30, of 43} 
inches gauge, weighing 40.5 tons in working-order, which draw trains 
weighing 40 tons up a grade of 8.3 feet in 100 (438.28 feet per 
mile), with a suc(^ession of reverse curves of 131 feet radius, — 43.8 
degrees per 100 feet, — by oi-dinary adhesion alone. 

These engines have cylinder 18 by 20 inches ; 6 driving-wheels, 
connected, 39 inches in diameter ; wheel base, 9 feet 6 inches ; boiler 
54 inches in diameter, with 190 flues 2 inches outside diameter and 
10 feet 9 inches long, and side tanks earned on the locomotive. 

The most notable change that has been made in the American 
locomotive in tlie past twenty 3'eai's has been a gradual increase of 
weiglit. On the Pennsylvania Railroad, since 1867, locomotives 
of the same class have increased in weight from 33 to 35 tons, up to 
41 to 45 tons, in working-order. All their engines have air-brakes 
applied to the driving-wheels, and all their passenger engines are 
equipped with scoops for picking up water while running. 

All their boilers are made of open-hearih steel, fire-boxes 
included ; rivets and stay-bolts of iron. All have water-grates made 
of tubes 13 inches diameter outside, and J inch thick. 

All locomotives have flexible running-gear, by means of the 
swinging bolster truck. A perfect system of standard dimensions 
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and interchangeable parts for engines of the same dass, greatly 
reduces the delay and cost of repairs. 

Perhaps the most thorough test of locomotive performance in 
ordinary work, considered merely as a steam-boiler, and a double 
steam-engine, ever made in the United States, was carried out by 
Mr. John W. Hill, in July, 1878, on the Cincinnati, Hamilton, and 
Dayton Railroad, uix>n a Baldwin engine. No. 36, drawing a train 
of 35 loaded box freight- cars, and a caboose-car, weighing in the 
aggregate 649 tons, and with the mean dead load of engine, tender, 
coal, and water, 50 tons, 699 tons, or 1,565,583 pounds. 

A very complete and well-digested account of this test appears 
in the Journal of the Franklin Institute, Philadelphia, for April 
and May, 1870; and only a very brief abstract of results can be 
reproduced here. 

At the time of the test, the engine had been out of the buildere' 
shop 22 months, and had run 55,471 miles, and was taken with only 
ordinary examination and adjustment. The distance from Cincin- 
nati to Dayton, 57.7 miles, was divided into three runs : Cincinnati 
to Hamilton, 24.7 miles; Hamilton to Twin Creek, 15.9 miles; and 
Twin Creek to Dayton, 17.1 miles. 

The first run was nearly level for about 6 miles, then rose by a 
nearly uniform grade of 18.2 feet per mile, to a summit 182.14 feet 
above the starting-point, and then descended 88.15 feet in 8.8 miles 
to a point 93.99 feet higher than the starting-point, making the 
mean grade for the 24.7 miles 3.81 feet per mile. 

The aggregate curvature on this first run was 315 degrees 32 
minutes 15 seconds, a mean of 12 degrees 46 minutes 29 seconds 
per mile, divided among twelve curves, chiefly of 1 degree, having 
a mean radius of 5,032 feet. 

The second mn presented a nearly uniform grade of 6.68 feet 
per mile, rising 106.26 feet in 15.9 miles, making the total net ascent 
in 40.6 miles, 200.25 feet. The aggregate curvature on this second 
run was 105 degrees 15 minutes, a mean of 6 degi-ees 37 minutes 
10 seconds per mile, divided among three curves of 1 degree, and 
one of degree 50 minutes, having a mean radius 'of 6,115 feet. 

The third run rises with a nearly uniform grade of 3.84 feet per 
mile, 65.61 feet in the 17.1 miles, gaining an altitude of 265.86 feet 
above the stai-ting-jwint in 57.7 miles, a mean (net) of 4.608 feet 
\yeT mile. The aggregate curvature on this third run is 256 degrees 
54 minutes, a mean of 15 degrees 2 minutes 28 seconds per mile, 
divided among six curves, mostly of 1 degree, having a mean radius 
of 4,831 feet. 

% 
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Considered as a whole^ ihe route presented an a^r^ate enrva- 
tore of 677 d^rees 41 minutes 15 seconds, a mean of 11 d^rees 
44 minutes 42 seconds, per mile, with a mean radius of 5,124 feet. 

The first run was made in 1 hour and 26 minutes, at the rate 
of 17.23 miles per hour ; but the first 15.9 miles occupied about 1 
hour and 7 minutes, a speed of about 14.2 miles per hour, and the 
8.8 miles down grade was made in about 19 minutes, — a speed 
nearly double, 27.8 miles per hour. 

The second run — heavier in grade but easier in curvature — was 
made in 42 minutes, at the rate of 23.67 miles per hour, an increase 
of speed of 37.4 per cent, obtained at great cost of fuel. 

The third run occupied 50 minutes, at a speed of 20.5 miles per 
hour. The whole distance, 57*7 miles, was run in two hours and 
58 minutes, running-time, at a mean speed of 19.45 miles per 
hour. 

Sets of diagrams were taken from both ends of both cylinders 
at regular intervals of 2 minutes, — 40 sets during the first run, 20 
during the second, and 21 during the third run. Twelve selected 
sets of these diagrams are published, and show excellent valve- 
adjustment. 

Every diagram — 324 in number — was separately computed for 
power, and expenditure of steam, the power ranging from 725.94 
indicated horse-power on up grade at high speed, to 30.64 indicated 
horse-power on down grade, at low speed ; and the results are tabu- 
lated separately for each cylinder, and for each run. A condensed 
summary is subjoined. 



FlntRim. 
24.7 MUM. 



Second 

Ran. 

15.9 ICikM. 



Third Bnn. 
17.1 Milee. 



Boiler-pressure 

Revolutions per minute 

Initial pressure 

Cut-off, in terms of stroke 

Release, In terms of stroke 

Terminal pressure • . 

Counter pressure 

Exhaust closure, in terms of return stroke . 
Mean effective pressure ........ 

Mean indicated horse-power 

Steam per indicated horse-power per hour, 
pounds computed from diagrams .... 



122 

100.473 
08.542 
.5276 
.8787 
43.570 
2.380 
.7562 
64.046 
201.06 

27.46 



124 

124.120 
107.006 
.5140 
.8761 
44.080 
5.024 
.7454 
64.170 



26.88 



123 
133.25 
105.516 
.5290 
.8716 
43.690 
6.186 
.7499 
63.200 
388.50 

26.57 
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Condensed Summary {CondiLded). 



First Bun. 
24.7 Milefl. 



Second 

Run. 

15.9 MUee. 



Tbird Run. 
17.1 Miles. 



Feed-water per indicated horse-power per hour, 
pounds 

Batlo of steam to water 

Coal per indicated horse-power per hour, 
pounds 

Coal with uniform evaporation of 9 pounds of 
water per pound of coal per indicated horse- 
power per hour, pounds 

Coal hiimed per square foot of fire-grate area 
per hour, poimds 

Evaporation per pound of coal 

Equivalent evaporation from and at 212° Fah. 
poimds of water per pound of coal . . . 

Mean temperature of feed-water, degrees Fah- 
renheit 



32.28 

.8507 

4.238 



3.586 

83.91 
7.07 

8.36 

78.50 



33.40 
.8027 

7.033 



3.711 

171.82 
4.51 

5.34 

77.0° 



31.96 
.8319 

5.359 



3.551 

117.27 
6.22 

7.30 

86.3© 



The leading dimensions of boiler and engines are given below. 

Fire-box, 63 inches long, 34.5 inches wide, 60.5 inches high. 
Barrel, 10 feet 8 inches long, 48 inches in diameter. Flues, 138, 
2 inches outside diameter, 11 feet long. Heating-surface, square 
feet fire-box, 93.85, tubes 794.82, front tube-sheet 10.00, aggregate 
898.67. 

Fire-grate area, 15.09 square feet; ratio of heating-surface to 
fire-grate area, 59.65 to 1. 

Engines : cylinders, 16-inch diameter, 24-inch stroke; piston- 
rods, right-hand 2.75 inches, left-hand 2.8125 inches diameter; 
mean net area of pistons, right-hand 198.09 square inches, left- 
hand 197.91 square inches ; clearance in terms of stroke, .076. 

Gauge, 4 feet 8.5 inches; diameter of the four driving-wheels 
coupled, 61 inches; driving-wheel base, 8 feet; whole length of 
wheel-base, 22 feet ; total weight of engine with two gauges of water, 
32.24 tons (72,220 pounds). Weight on driving-wheels, 20.02 tons 
(44,840 pounds). 

The consumption of water above given includes all that was 
blown off at the safety-valve, and used at the whistle and gauge 
cocks, and in experiments with a calorimeter. Allowing for these 
losses, Mr. Hill estimates the quantity used by the engine cylinders 
in producing power, at 30.02, 31.05, and 29.72 pounds per indicated 
horse-power per hour, respectively, for the three runs. 
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At all events, the performanoe of the engines considered by 
themselves was highly satisfactory. The coal was Pittsburgh No. 2, 
screened and picked^ supposed to be the best available at Ciocinnati. 

With a pressure at release of 44 to 45 pounds, and a back-press- 
ure on the pistons of 5 to 6 pounds per square inch above the at- 
nx)8phere, the loss by unconsumed coal blown out at the smoke-stack 
must have been considerable, and may have been, as Mr. Hill esti- 
mates, 20 per cent, or more. But this only sets in a clearer light the 
inadequacy of the fire-grate area. 

With a grate as in the Woottcn engine, four and a half times as 
large, the highest rate of combustion would have fallen, with equal 
coal*consumption, from 172 to 38.2 per square foot of fire-grate per 
hour, and might well have been reduced, through increased economy, 
to 20 iK>unds. 

On a portion of the first run, from observation 12 to observation 
31, the engine ran, in 38 minutes, 8.8614 miles up an incline nearly 
uniform, pf 18 67 feet per mile, equal to 1 in 283, gaining an eleva- 
tion of 165 44 feet, at the rate of 14 miles per hour. 

The total weight of the train at this {x>int was a little over 700 
tons, say 1,568,000 pounds , and the absolute lift in 38 minutes was, 
when reduced to dynamic honse-power, — 

1,VVS,()00 X 16.5,44 ^ 20^ g^ ^ 
38X33,000 ^ 

The mean indicated hoi*se-ix>wer during this same period of 38 
mmutcs, deduced from 19 sets of diagrams, was 312.37. The differ- 
ence, 312.37 — 206.87 = 105.5, which is 33 77 per cent of the 
gross indicated horse-ix)wer, represents all the resistances of train 
and engine other than the dead lift. 

Mr. Hill estimates the internal resistances of the locomotive, 
from experiments made with it when run without load, at average 
speed, — '^ diagi-ams taken as fast as ix)6sible," — as equal to 33.384 
indicated horse-power, which, divided by 312.37, gives 10.66 per 
cent ; and the additional fnctions of the engine, due to the load, at 
5 per cent of the remainder, and .05 (100 - 10.66) = 4.46. The 
sum, 10 66 -f 4 46 = 15 12 \yev cent, represents the engine resist- 
ances; and this subtracted from the gross resistances, 33.77 per 
cent, leaves 18.65 per cent of the mean indicated power for train- 
resistances proper, other than the dead lift, equal to 28.16 per cent 
of the ix)wer expended in the dead lift itself. 

This is undoubtedly too little, as it gives only 2.414 pounds resist- 
ance x>er ton, say 777^-- I^ we assume that the descending grade 
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compensates for an equal height of ascending grade, we have 93.99 
feet rise in 24.695 miles, and tlie co-efficient of resistance becomes 

6.62 per ton, say . All the data of the three runs are brought 

338.4 

together in the following table : — 



No. of Utin. 


Tabular Nos. 

of D^gr&ms 

Taken. 


Distance Run, 
In MUee. 


Mean Curva- 

ture; Degrees 

per Mile. 


Total Net 
RIae, in Feet. 


Total Mean In- 
dicated Power, 
Indicated 

horse-power. 


I 

I 

II. ... 

III. . . . 
L, II., III.. 


13 to 31 
lto40 
1 to20 
1 to21 


8.86 
24.695 
15.87 
17.08 
67.645 


\49 48' 
120 46' 
6^ 37' 
150 25' 
110 45' 


165.44 
93.99 

106.26 
a5.61 

265.86 


312.37 
291.96 
368.66 
388.50 
337.17 



No. of Ran. 


Reelstanoe of 
Ixxjomotive ; 

Indicated 
liorsc-power. 


Friction of 
Locomotive due 
to Train Reeist- 
ance; Indicated 

horae-power. 


Net Power 
Applied 
to Train; dy- 
namic horse- 
power. 


Dead Lift 

of Train ; 

dynamic 

horsepower. 


Resistance of 
Train on a 
Level; dy- 
namic horse- 
power. 


I 

I 

II. ... 

III. . . . 
I., II., III.. 


33.38 
33.38 
33.38 
33.38 
33.38 


13.95 
12.93 
16.77 
17.76 
15.19 


265.04 
245.65 
318.51 
337.36 
288.60 


206.55 
48.17 

120.21 
62.19 
65.83 


58.49 
197.48 
198.30 
275.17 
222.17 



No. of 
Run. 


Resistance of 

Train in Pounds 

per Ton, r. 


Ratio of Resist- 
ance to Weight 
of Train. 


No. of 
Run. 


Resistance of 

Train in Pounds 

per Ton, r. 


Ratio of Resist- 

ance to Weight 

of Train. 


I. . . 

I. . . 

II. r . 


2.414 
6.620 
5.051 


1 
927.9 

1 
338.4 

1 
443.4 


III.. . 

I. . . 

II. . . 
III.. . 


7.754 
7.260 


1 
288.9 

1 
30S.5 
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The total resistance of the locomotive, ascertained by experiment 
to be equal to 33.88 indicated horse-power, which is 9.9 per cent of 
the mean total indicated power (337.17 indicated horse-power), is 
made up of two parts : first, the resistance of the wheels on the rails, 

which, at its mean value, 6.688 pounds per ton ( ], amounts to 

V 334.9 / 

17.23 indicated horse-power, equal to 5.11 per cent, leaving 16.15 
indicated horse-power, equal to 4.79 per cent of the total mean indi- 
cated horse-power, as the sum of the internal frictions of the engine 
when propelling only itself and its tender, 49.174 tons, at mean 
velocity. The respective speeds were : for part of the first run. No. 
13 to No. 31, ascending grade 18.21 feet per mile, 14 miles per 
hour; for the entire first run, ascending 182.14 feet, then descend- 
ing 88.15 feet, net rise 93.99 feet, mean grade 3.809 feet per mile, 
17.23 miles per hour; second run, ascending grade 6.683 feet per 
mile, 22.67 miles per hour; third run, ascending grade 3.837 feet 
per mile, 20.496 miles per hour. The mean speed, mean net rising 
grade 3.809 feet per mUe, was 19.431 miles per hour. These figures 
indicate that the rolling resistance of this train was less than it 
is given in D. K. Clark's tables, than which nothing is more likely. 
But this whole subject has been too little studied, and the writer has 
devoted to this trial more time than he ooold have done if it were not 
almost alone in this field. 

Some escamples of locomotive performance, which the writer has 
taken no little pains to verify, will close this portion of our subject. 

Locomotive No. 137, Boston and Albany Railroad, buQt in the 
repair-shop of the company at Boston, under the charge of Mr. 
George H. Colby, division master mechanic, was placed in service 
April 23, 1883, and after running seven days to Worcester, 44 miles 
and return, making 616 miles, was put, on April 30, into regular 
express-train service between Boston and Springfield, making the 
round trip in 6 hours, about 3 hours each way. The distance, com- 
monly called 100 miles, is, by measurement, 98.63 miles, making the 
round trip 197.26 miles. She continued in this service until July 10, 
1884, 14 months and 11 days, say 438 days, with the loss of only 2 
days for trivial repairs, — in one case, the tightening of an eccentric, 
— but made some extra runs, so that her mileage was in all 87,190 
miles, making her daily mean for the 438 days 197.65 miles, at the 
rate of 72,192 miles per annum; and for the 436 days of actual 
service, 198.11 miles. On the 10th July, 1884, she was taken into 
the shop; and in the four days, July 11, 12, 14, 15, without any 
work on nights or on Sunday, her tires were turned, her valves faced, 
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and all parts wete pat in perfect order, including painting and var* 
nishing all over ; and on the 16th she resumed her regular service. 

The road is very crooked, and presents curves of 573 feet radius 
(10^ curves) ; and although the western end of the route is only 60 
feet higher than the eastern end, the rise to the summit, 57.25 miles 
from Boston, is 893 feet, and the descent thence to Springfield, in 
41.38 miles, is 833 feet, making the mean rising grade, going west, 
15.5 feet per mile, and going east, 20.13 feet; and there are several 
inclines, 3 to 5 miles in length, of 38 to 60 feet per mile. The train 
comprised 2 baggage and express cars, 4 sleeping-cars, and 3 to 5 
first-class long passenger-cars, usually weighing and often exceeding 
300 tons,— < say 672,000 pounds, locomotive and tender included. 
From May 1, 1883, to July 1, 1884, a period of 14 months (427 
days), this engine has a record of 84,596 miles, — 427 round trips, 
with a total consumption of coal equal to 1,965.625 tons, 4.603 tons 
per round trip, 52 pounds per mile, 0.1733 pounds per ton per mile, 
1,718.6 pounds per hour, and a mean per hour, on each square foot 
of grate — up grade and down grade — of 95.48 pounds. The power 
could not have been less, as a mean, than 340 indicated horse-power, 
rising at times, probably, to 600 ; and the mean consumption of coal 
was about 5 pounds per indicated horse-power and per hour. 

The oil used for lubrication, in the same period, was 1,120.5 
gallons, equal to 75.51 miles per gallon; and the cost of oil and 
waste was $622.55, equal to 0.736 cent per train-mile, and repairs 
would not bring the aggregate up to 1 cent. Coal was taken at 
Boston for the round trip. At the exorbitant price of $5 per ton, 
the cost of fuel per train-mile was about 11.6 cents, and per mile- 
ton, 0.039 cent. There are seven engines of this description now 
in use on this road, and others in construction. The leading dimen- 
sions are as follows : Cylinders, 18 inches diameter, 22 inches stroke ; 
4 driving-wheels connected, 68.75 inches diameter, 100 inches centre 
to centre ; total wheel-base, 22 feet 4^ inches. Boiler, wagon-top, 
barrel 52 inches diameter outside of small courses, ^ inch thick, flue- 
sheets i inch, fire-box f inch, all Nashua Company's steel ; 221 semi- 
steel tubes, 2 inches outside diameter, 10 feet 10^ inches long 
between tube-sheets, f inch apart ; fire-grate area, 18 square feet ; 
heating surface, in fire-box 130 square feet, flues inside 1,140 
square feet, total 1,270 square feet. Total weight, 87,000 pounds 
(38.839 tons) ; weight on drivers, 55,000 pounds (24,554 tons) ; 
normal pressure, 160 pounds per square inch above the atmosphere, 
say 11.88 atmospheres, absolute. 

The '' Pacific," built by the Lawrence Machine Shop, of which 
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the writer was superintendent, was placed in sendee on «the Boston 
and Maine Railroad, April 16, 1855, and continued to run regularly 
double round tri|)8 between Boston and Lawrence, distance 26 miles, 
daily, except Sundays, or on other equivalent routes, until the close 
of 1883, a period of 28 years 9^ months. The record, subsequent 
to 1876, was destroyed by fire a year ago ; but one book escaped, 
which shows when this engine was in the repair-shop, and the amount 
of repairs upon her, from the start, down to Dec. 23, 1873, 18.8 years. 
The superintendent of repairs on this road, Mr. William Smith, 
ran the *'*' Pacific " thirteen and a half years, making an aggregate 
mileage, during that time, of 417,879 miles. Mr. Smith is perfectly 
familiar with her |x^i*formance since 1873 ; and from information 
obttiined from him, and from the I'ecord, which I have transcribed, 
it api)ears that 

Ilcr total mileage on passenger-trains, in 28.8 years, was . . . 891,475 
And her subsequent mileage on gravel-trains, to Aug. 1, 1884, is 12,780 

Total mileage 904,255 

She has had one new fire-box, and one new set of fines, and 
other extensive repairs, and is now in good serviceable order ; and 
more than one-half of the weight of the original material originally 
put into her is in her to-day. This engine has outside connections, 
shifting link valve-gear, cylindera 15 inches diameter, 22 inches 
stroke, 4 connected drivers 66 inches diameter, and a centre-bearing 
truck. Total weight 27.5 tons, weight on diiving- wheels 17 tons. 
Price, in dear times, 88,500, say £1,756. 

The statement summarized below, of the performance of three 
locomotives on the Hudson River Division of the New York Centi-al 
and Hudson River Railroad, was kindly furnished to the writer by 
Mr. William Buchanan, sui^erintendent of motive-power of that 
division. 

The three engines, designated as No. 10, No. 33, and No. 34, 
are of the following general dimensions : Cylinders, 17 inches 
diameter, 24 inches stroke ; driving-wheels, 69 inches diameter ; fire- 
boxes of steel, flues of semi-steel; weight in running order, 31.473 
tons (70,500 pounds) ; weight on driving-wheels, 20.022 tons (44,850 
pounds) ; average trains, 2 baggage and mail cars 52 tons, 2 draw- 
ing room or sleeping cars 64 tons, 5 firat-class passenger-cars 125 
tons, engine 31 tons, tender, half loaded, 22 tons ; total, 294 tons. 
Average speed of trains, 38 miles per hour. Period of time covered, 
6 years, from December, 1876, to December, 1882, for No. 10 and 
No. 33 ; and from March, 1877, to March, 1883, for No. 34. 
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Perfobmance: No. 10. 



Total mileage in 6 years 

Number of days in service .... 

Number of days idle 

Number of months actually in service 
Average number of miles per day . . 
Average number of miles per month . 
Average number of miles per annum . 

Gallons of oil used 

Average number of miles per gallon . 

Total cost of oil 

Total cost of waste 



488,900 

1,766 

400 

71 

276.84 
6,886 
81,483.33 
3,413 

143.24 

$1,391.00 

290.00 



COST OP REPAIRS. 
Labor: No. 10. 



Itbms. 


On Bngine. 


On Tender. 


Machinist 

Blacksmith 


$3,372.46 

442.64 

1,336.57 

5ai9 

30.34 

162.95 

330.76 


$60.90 
61.87 


Boiler-maker 


42.68 


Coppersmith . . 
Tinsmith . , . 
Carpenter . . . 
Painter . . . . • 




67.44 
64.30 


Total labor . 


$5,733.91 

■= — ... 1 


$297.19 







Materials: No. 10, 



Itbms. 


Engine. 


Items. 


Tender. 


Machinery 

Tire 

Trucks 

Boiler and flues'. . . 

Lumber 

Paints 


$1,138.70 

23aoo 

508.00 

1,259.40 

43.33 

100.54 


Iron 

Trucks 

Lumber 

Paints 

Materials 

Labor, brought down. 

Total, tender . . 


$36.32 

690.30 

20.00 

49.20 


Materials 

Labor, brought down . 


$3,279.97 
5733.91 


$795.82 
297.19 


Total, engine . . 
Repairs of engine, broug 


$9,013.88 
ht down 


$1,093.01 
9,013.88 






Total repairs of engine and tender in 6 years 

R.nna.ii*s tipr &TiTiiini . 


$10,106.89 

1,684.48 
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Performance: No. 33. 



Total mileage in 6 years 

Number of days in service ..... 

Number of days idle 

Number of months actually in service 
Average niunbcr of miles per day . . 
Average number of miles per month . 
Average number of miles per annum . 

Gallons of oil used 

Average number of miles per gallon . 

Total cost of oil 

Total cost of waste 



523,393 

1,865 

307 

70 

280.64 
7,477 
87,232.17 
3,954 

132.37 

$1,609.00 

288.00 



COST OF REPAIIiS. 
Labor: No. 33. 



Items. 



On Engine. 



On Tender. 



Machinist . . 

Blacksmith . 

Boiler-maker . 

Coppersmith . 

Tinsmith . . 

Carpenter . . 

Painter . . . 

Total labor 



$3,615.73 

527.41 

1,228.72 

57.01 

47.17 

210.30 

296.97 



$5,983.31 



$101.51 

136.03 

86.47 



55.66 
105.83 



$465.50 



Materials, No. 33. 



Items. 



Engine. 



Items. 



Tender. 



Machinery . . 
Drivers . . . 
Tire .... 
Trucks . . . 
Boiler and flues 
Lumber . . . 
Paints . . . 



Materials .... 
Labor, brought down 

Total, engine . . 



$1,310.51 

32.00 

231.00 

590.39 

1,269.91 

80.67 

143.31 



Iron . . 
Trucks . 
Lumber 
Paints . 



$3,657.79 
5,983.31 



$9,041.10 
Repairs of engine, brought down . . . 

Total repairs, engine and tender, in 6 years 
Repairs per annum 



Materials 

Labor, brought down . 

Total, tender . . . 



$193.51 

878.00 

44.40 

59.00 



$1,174.91 

485.50 



, $1,660.41 
9,641.10 



$11,301.51 

l,8aS.58 
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Total mileage in 6 years .... 
Number of days in service . . . 

Nmnber of days idle , 

Number of months in actual service 
Average number of miles per day . 
Average number of miles per month 
Average number of miles per annum 

Gallons of oil used , 

Average number of miles per gallon 

Total cost of oil 

Total cost of waste 



468,173 

1,700 

492 

69 

275.40 

6,785 

78,028.83 

3,634 

,128.83 

$1,475.00 

282.00 



COST OF REPAIRS. 
Labor: No. 34. 



Items. 


On Engine. 


On Tender. 


Machinist 


$3,855.05 

480.61 

1,216.43 

82.73 

34.83 

193.60 

336.32 


$68.35 


Blacksmith 


61.52 


Boiler-maker 


83.42 


Coppersmith . • 




Tinsmith 




Carpenter 


86.04 


Painter 


112.54 










$6,199.57 


$411.87 



Materials: No. 34. 



Items. 



Macliinery . . 
Drivers . . . 
Tire .... 
Trucks . . . 
Boiler and flues 
Lumber . . . 
Paints . . . 



Materials .... 
Labor, brought down 

Total, engine . . 



Engine. 



$1,659.58 

67.00 

231.00 

447.50 

1,018.00 

56.89 

163.78 



$3,643.75 
6,199.57 



Items. 



Iron . . 
Trucks . 
Lumber 
Paints . 



$9,843.82 
Repairs of engines, brought down . . , 

Total repair, engine and tender, in 6 years 
Repairs per annum 



Materials 

Labor, brought down . 

Total, tender . . . 



Tender. 



$77.48 

631.25 

40.00 

66.80 



$815.53 
411.87 



$1,227.40 
9,843.32 



$11,070.72 
1,845.12 
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MEAN OF ALL. 
Performanck: No. 10, No. 33, and No. 34. 



Mean mileage in 6 years 

Number of days in service 

Number of days Idle 

Mean number of months in service 

Mean number of miles per day 

Mean number of miles per month 

Mean number of miles per annum 

Mean number of gallons of oil used 

Mean number of miles per gallon 

Mean total cost of oil 

Mean total cost of waste *. 



493,489 
1,777 
399.67 
70 

277.63 
7,049 
82,248.11 
3,667 

134.81 

$1,491.67 

286.67 



MEAN COST OP REPAIRS. 
Labor: No. 10, No. 33, and No. 34. 



Items. 


Od Engine. 


On Tender. 


Machinist 


$3,614.41 

483.55 

1,260.57 

65.98 

37.45 

188.95 

321.36 


$76.92 


Blacksmith 


86.47 


Boiler-maker 


70.86 


Coppersmith 

Tinsmith 

Carpenter 

Painter 


69.71 
94.22 










$5,972.26 


$398.18 



MEAN COST OF MATERIALS. 
No. 10, No. 33, and No. 34. 



Items. 


Engine. 


Items. 


Tender. 


Machinery 

Drivers 

Tire 

Trucks 

Boiler and flues . . . 

Lumber 

Paints 


$1,369.60 

33.00 

230.67 

515.30 

1,182.44 

60.30 

135.88 


Iron 

Trucks 

Lumber 

Paints 

Materials 

I^abor, brought down . 

Total, tender . . . 


$102.44 

733.18 

34.80 

58.3:^ 


Materials 

Labor, brought down . 


$3,527.19 
5,972.26 


$928.75 
398.18 


Total, engine . . . 
Repairs of engine, broug 


$9,499.45 
'ht down . . 


$1,326.93 
9,499.45 


Mean total repairs, engii 
Mean cost of repairs, pe 


le and tender, in six years 

r annum 


$10,826.38 
1,804.39 
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MfiAN Cost per Train-Mile op Labor and Materials on Engine 
AND Tender, on No. 10, No. 33, and No. 34, during Six Years, 
in Cents and Fractions op a Cent. 





No. 10. 


No. 33. 


No. 34. 


Mean. 


Machinists 

Blacksmiths 

Boiler-maker 

Copper and tinsmith 

Carpenter 

Painter 


.70 
.11 
.28 
.02 
.06 
.08 


.72 
.13 
.25 

.02 
.05 
.08 


.84 
.12 
.30 
.02 
.06 
.09 


.75 

.12 
.28 
.02 
.05 
.08 


Total, labor 

Materials 


1.24 

.84 


1.25 
.93 


1.43 
.95 


1.30 
.90 


Total, repairs 

Oil . . 

Waste 


2.08 
.28 
.06 


2.18 
.30 
.05 


2.38 
.32 
.06 


2.20 
.30 

.06 






Total, cents 


2.42 


2.53 


2.76 


2.56 



These engines were new at the beginning of the period covered 
by the record here reproduced, and the cost of repairs must increase 
with increasing age. Indeed, compared with a like statement for 
the first five years, the mean annual mileage is 1.2 per cent less, and 
the cost of repairs is 23 per cent greater, while oil and waste are 
almost exactly the same per train mile, both in quantity and in value. 

Some information which was hoped for, to afford a broader basis 
for estimates of the performance of American locomotives, their 
durability, and the cost of repairs upon them, cannot now be ob- 
tained in season for this occasion. The examples presented are, it 
is admitted, selected examples, and must be above the mean, taking 
age into consideration, if nothing more ; but so much has been done, 
and, accident and misfortune apart, can be done generally with 
engines of like age. 

With compound locomotives, little has been done in this country. 
A few have been constructed, but without any very marked success, 
so far as the writer has been able to learn. It is certainly very 
desirable to reduce the consumption of fuel in our locomotives ; but 
if compounding involves of necessity the use of a cranked-axle, as 
in some examples, it can never be adopted in America, since the well- 
known evils of that feature must far outweigh all possible gain from 
compound cylinders. The locomotive engine is without doubt the 
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roost important application of the non-condensing engine of Oliver 
Evans and the multi-Uibular boiler of Nathan Read, and its develop- 
ment demonstrates that it has not been neglected in the land of its 
nativity. 

With a few words about prices now current, this too proti-acted 
paper will be brought to a close. The weight of our ordinary Amer- 
ican locomotive, with cylinder 17 inches diameter, and 24 inches 
stroke, four driving-wheels connected, 5 feet diameter, is alx)ut as 
follows : — 



Loaded : 2 (Gauges 
OF Water. 




Light. 


Tons. 
22.901 
12.589 


Fbonds. 
51,500 
28,200 


On drivers 

On truck 


Pounds. 
46,000 
24,000 


Tons. 
20.536 
10.714 




Total, engine 

Tender, 3,000 gallons capacity . 

Engine and tender 




35.580 
25.446 


79,700 
57,000 


70,000 
24,000 


31.250 
10.714 


61.026 


136,700 


94,000 


41.964 



Price, with steel boiler, head-light included, $6,500, or, say 
£1,343 ; per ton, 8154.89, equal to £32 ; per pound, 6.91 cents, equal 
to 3.43 pence. 

Engines of various sizes and styles may be bought about at 
prices subjoined, which, it must 1x3 said, are about the actual cost. 



Cylinders. 


Styles. 


Prices. 


Diameter. 


LengUi 

of 
Stroke. 


Dollars. 


Pounds 
Sterling. 


16 
15 
16 
17 

18 
20 


24 
24 
24 
24 
24 
24 


4-wheeIed switching 

8-wheeled 

8-wheeled 

8-wheeled 

" Mogul," freight 

Consolidation, freight .... 


5,500 
5,500 
6,000 
6,500 
7,300 
9,000 


1,136 
1,130 
1,240 
1,343 
1,508 
1,860 



The *' Mogul" engine has six driving-wheels connected, with a 
single pair of pilot- wheels, swinging bolster, and radius bar. The 
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" Consolidation *' engine has eight driving-wheels connected, with a 
single pair of pilot-wheels, swinging bolster, and radius bar. In 
both, a part of the weight otherwise carried by the pilot-wheels is 
transferred to the driving-wheels by equalizing levers. 

The prices above given are certainly too low, as they afford no 
satisfactory profit to the manufacturer. 
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